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Syrian golden hamsters prefer and consume large and remarkably constant 
amount o f ethanol in a simple two-bottle free-choice regimen. A gender difference 
has also been reported for the voluntary ethanol intake. In the present investigation, 
the gender difference, effect of alcohol and effect of green tea were examined in 
hamsters. 
Under a free choice situation between 15% ethanol and water, female hamsters 
showed a lower preference towards ethanol when compared wi th the males. 
Moreover, lower activities of hepatic aldehyde dehydrogenase and microsomal 
cytochrome P450IA2 were found in the female hamsters. The angiotensin 
converting enzyme was also lower in female hamsters. When 15% ethanol was 
given to the hamsters as the sole source of drinking fluid for 30 days, a 2 to 3 fold 
induction of cytochrome P450IIE1 activity and protein content was observed. The 
i f 
1. 
methoxyresorufin 0-demethylase activity and cytochrome P450IA2 protein level 
i 
I were reduced in the ethanol-treated hamsters. No significant liver damage was i 
}. 
1 
i observed after ethanol treatment as indicated by the normal levels of serum aspartate 
1 i !• 
[ transaminase and alanine transaminase activities. However, in the ethanol treated 
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triglyceride level was not increased by ethanol treatment but a significant reduction 
o f hepatic and serum cholesterol levels were seen. The lower aldehyde 
dehydrogenase activity in females might be responsible for the hepatomegaly 
observed in female hamsters due to the accumulation of acetaldehyde adducts. 
Prolonged consumption of a crude green tea extract did not affect the alcohol 
metabolizing enzymes in hamsters. On the other hand, the addition of green tea 
polyphenols in in vitro studies demonstrated that green tea polyphenols inhibited 
alcohol dehydrogenase, aldehyde dehydrogenase and cytochrome P450IIE1 at a 
relatively high concentration. A biphasic effect was observed in alkoxyresomfin 0 -
dealkylase activity: the enzyme was activated at low but inhibited at high 
concentration of green tea polyphenols. Among the green tea polyphenols, 
epicatechin gallate and epigallocatechin gallate were found to be the most potent 
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ACAT acylCoA cholesterol acyltransferase 
ACE angiotensin converting enzyme 
A D H alcohol dehydrogenase 
A L D H aldehyde dehydrogenase 
ALT alanine transaminase 
AST aspartate transaminase 
AROD alkoxyresorufln 0-dealkylase 
BROD benzyloxyresorufin 0-dealkylase 
C Y P l A 2 cytochrome P450IA2 
CYP2E1 cytochrome P450IIE1 
EC epicatechin 
ECG epicatechin gallate 
EGC epigallocatechin 
EGCG epigallocatechin gallate 
EROD ethoxyresorufin 0-deethylase 
GST glutathione S-transferase 
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HDL high density lipoprotein 
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LASEC Laboratory Animal Services Centre 
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M A O monoamine oxidase 
MEOS microsomal ethanol oxidizing system 
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MROD methoxyresorufin 0-demethylase 
NAD+ nicotinamide adenine dinucleotide 
NADP+ nicotinamide adenine dinucleotide 
phosphate 
PROD pentoxyresorufin 0-dealkylase 
RAS renin-angiotensin system 
TMS trimethylsilyl 
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L1 General introduction 
Alcohol is the most frequently abused drug that use throughout the world. In 
the United States, it is consumed regularly by about half o f the adult population. 
About 15 to 20 mil l ion people are alcoholics. Alcoholism claims 100,000 lives 
annually and carries an annual price tag of more than $100 bil l ion. Among persons 
admitted to general hospital, 20 to 40 percent have alcohol-related problems. In the 
elderly, alcohol-related hospitalizations are as numerous as those due to myocardial 
infarction (Lieber, 1995). 
Alcohol, a small molecule soluble in both water and lipid, permeates all tissues 
I 
of the body and affects most vital functions. Liver is the organ most severely 
affected by chronic alcohol consumption. In some urban areas, cirrhosis (usually a 
complication of alcoholism) is the fourth most frequent cause ofdeath among people 
25 to 64 years of age. In a prospective survey of 280 alcoholics, more that half o f 
those with cirrhosis and two-thirds of those with both cirrhosis and alcoholic 
hepatitis died within 48 months after enrollment (Lieber, 1995). This outcome is 
even worse than that of many types of cancer. Unfortunately, there is a widespread 
belief that not much can be done about the problem of alcohol. 
As ethanol is the major causative factor of liver cirrhosis, a better understanding 
of i ts biochemistry and pharmacology is essential to the elucidation of the underlying 
i 2 
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mechanisms. The biochemistry, including the kinetics and dynamics of ethanol 
metabolism, has been studied extensively in humans and in a number o f experimental 
animals. 
1*2 Animal model 
Even in the best model, the animals are generally not “spontaneous，，drinkers 
and must be bred for 20 to 30 generations to establish this characteristic and are, 
therefore, not readily available. During the past 30 years, several lines of ethanol-
preferring mice and rats, for example, the P rats, have been developed by selective 
breeding for high consumption of an aqueous ethanol solution in a free-choice 
between water and ethanol while food is freely available at all times (Waller et al., 
1984). In some ofthese animal lines, chronic ethanol consumption induces various 
behavioral patterns, symptoms and signs that match the criteria published for an 
animal model of "alcoholism" (Keane and Leonard, 1989; Lester and Freed, 1973). 
However, most of these selected animals display relatively low preference for and 
consume only small amount of ethanol, and hence they are of limited use as an 
animal model to study whether or not a drug wi l l suppress ethanol consumption in 
alcohol-dependent humans. 
Unlike most outbred strains of laboratory rodents, Syrian golden hamster 
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{Mesocricetus aiiratus) greatly prefers ethanol and consumes large quantities when 
given a two-bottle, free-choice regimen (Arvola and Forsander, 1961). Not only do 
hamsters prefer ethanol solutions to water at concentration up to 25%, they also 
voluntarily derive up to one-third o f their calories from ethanol solution and consume 
more than 15gm/kg of body weight per day of ethanol. Gender difference in 
ethanol preference has also been reported in hamster. Alcohol consumption in male 
hamster is greater than that in the female (Arvola and Forsander, 1963). Despite all 
these interesting observations in hamster, the biochemical study ofrodent's alcohol 
metabolizing enzymes has been focused on the rat while there is relatively little 
information on the hamster. Hamster is seldom used as an animal model for 
studying alcoholism because hamster can tolerate ethanol so well that it fails to 
exhibit any symptoms or signs of organ disorder even after prolonged, continuous 
selection of ethanol at comparatively high levels; besides, it exhibits no ethanol 
withdrawal symptoms (Fitts and St. Dennis, 1981). Measurements during period of 
high ethanol intake revealed that hamsters do not maintain blood ethanol at levels 
needed for the production of ethanol dependence in rats and mice. On the other 
hand, hamster is most suitable for studies involving voluntary ethanol intake, for 
example, in the screening of drug for the suppression of free choice ethanol intake. 
Indeed, It exhibits excellent predictive validity, i.e. agents that have been shown to 
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attenuate ethanol consumption in alcohol-dependent humans also suppress ethanol 
intake in hamsters. 
As a common belief, the ability to drink alcohol relate to the absorption, 
distribution, elimination and more importantly, the rate of metabolism of ethanol 
after consumption. In hamsters, these parameters have not been examined in details. 
Nevertheless, in humans, differences in the activity of the alcohol metabolizing 
enzymes have been reported to be responsible for the observed racial and gender 
differences concerning alcohol sensitivity. Therefore, an understanding of the 
alcohol metabolizing enzyme is the first step for studying alcohol preference and 
alcohol suppression in hamster. 
L3 Absorption，distribution and elimination ofethanol 
1.3,1 Absorption 
After oral administration, ethanol is readily absorbed from the gastrointestinal 
tract and diffuses rapidly and uniformly throughout the body water (Fig. 1.1). 
Because of its fat-soluble, non-electrolyte characteristic, ethanol is absorbed into the 
circulation by diffusion across the duodenum and jejunum, and to a lesser extent 
from the stomach and large intestine (Kalant, 1971). The absorption process is 
normally over in 2 hours and overlaps with the diffusion phase. 
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Fig. 1.1 Absorption, excretion and metabolism of ethanol. 
(Adopted from Kricka and Clark, 1979) 
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1.3.2 Distribution 
The rate o f distribution of ethanol in body tissue is variable and depends on 
factors like blood flow, permeability and tissue mass. Ethanol reaches peak 
concentration rapidly in the blood and tissues with high blood flow, for examples, 
brain, lung, kidney and liver, whereas for skeletal muscle with a poorer blood supply, 
it reaches equilibrium slowly. The equilibrium concentration of ethanol in tissue 
depends on the relative water content of the tissue and closely follows the absolute 
water content of f luid or tissue (Kalant, 1971). 
During the initial phase, ethanol diffuses rapidly into the tissues from arterial 
blood and from the tissues into the venous blood. Level of ethanol in peripheral 
venous blood then remains higher than that in arterial blood because of lower rate of 
metabolism and excretion. Peak urine level of ethanol is usually reached within 30 
to 90 min after drinking, depending on whether the ethanol was taken in single or 
multiple dose (Erickson, 1979). 
L3.3 Elimination 
Less than 2% ofthe ingested ethanol is excreted unchanged in urine, expired air 
and sweat. At elevated temperature and higher blood ethanol level, the percentage 
of ethanol excreted may exceed this value. Approximately 90% of the ingested 
7 
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ethanol is eliminated by oxidation to carbon dioxide and water, regardless o f the 
ingested quantity or the blood ethanol concentration. 
1*4 Metabolism of ethanol 
Ethanol is almost exclusively metabolized in the body by enzyme-catalyzed 
oxidation processes. The major pathway for the disposition of ethanol is its 
oxidation to two products - hydrogen and acetaldehyde. Three principal enzymes, 
including the cytosolic alcohol dehydrogenase (ADH), the microsomal ethanol 
oxidizing system (MEOS) located in the endoplasmic reticulum, and catalase located 
in the peroxisomes, are known to oxidize ethanol. The resulting acetaldehyde is 
farther oxidized to acetate by aldehyde dehydrogenase (ALDH). Finally, acetate is 
converted to carbon dioxide via the citric acid cycle. Acetate may also undergo 
reactions to form fatty acids, ketone bodies, amino acids and steroids via its activated 
form, acetyl CoA (Agarwal and Goedde, 1989). 
L4J Oxidation of ethanol to acetaldehyde 
(A) Alcohol dehydrogenase 
A D H is the major oxidative enzyme responsible for the first step in ethanol 
metabolism. Ethanol is oxidized to acetaldehyde by transferring the hydrogen from 
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the substrate to the cofactor nicotinamide adenine dinucleotide fKAD+) to form the 
reduced cofactor NADH. 
1 
C2H5OH + NAD+ ———~~• CH3CHO + N A D H + H+ 
A D H is capable of oxidizing a variety of primary, secondary and tertiary 
! a l i p h a t i c alcohols as well as a limited number of cyclic alcohols to their 
i c o r r e s p o n d i n g aldehydes. A D H has a zero-order kinetics and the presence o f a 
I large amount of ethanol apparently does not increase the rate of the reaction 
I 
(Agarwal and Goedde, 1989). A D H is universally distributed in l iving organisms 
i such as animals, plants and microorganisms. Structurally, all the purified 
t 
i 
I mammalian A D H isozymes are dimers composed o f two 40,000 dalton subunits and 
I 4 atoms of zinc. While sharing many physical and chemical properties, the 
different molecular forms of A D H can be divided into five major classes or distinct 
I 
I groups according to the structural homology of the subunits (Vallee and Bazzone, 
i 
i l 9 8 3 ; L a n d s , 1997). 
In humans, more than twenty different class I A D H isozyme have been 
I 
I identified. They are the most important enzymes in ethanol metabolism because of 1 
f.. 
1 
I their low Km value for the substrate (Smith et al., 1985). They catalyze the 
I % 
、‘ oxidation of aliphatic and aromatic primary alcohols, secondary alcohols, diols, co-
i i 
I hydroxy fatty acids and sterols (Frey and Vallee, 1980; Wagner et al., 1983). 
多 • 
:¾; 
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Although class I I isozyme also catalyzes the oxidation of ethanol, the K m 
value is much higher than those o f the class I isozyme. It oxidizes benzyl alcohol 
and 1-octanol most effectively; but ethanol, ethylene glycol and cyclohexanol most 
poorly (Dit low et al., 1984). Moreover, this isozyme cannot oxidize methanol. 
Contrary to the properties of class I and I I isozymes, class I I I isozyme cannot 
be saturated by ethanol at concentration as high as 2M. However, like the class I I 
isozyme, the oxidation activities of class I I I isozymes towards methanol, ethylene 
glycol and digitoxigenin are very poor (Wagner et al., 1984). 
Class IV A D H is found to be most abundant in the mucosa of the upper 
digestive tract and stomach (Julia et al., 1987). It has a high K m and a high kcat 
value for the oxidation of ethanol. Like the other classes o f A D H isozymes, the K m 
value decreases as the chain length of alcohol increases (Moreno and Pares, 1991). 
Although it is not known to be appreciably expressed in liver, it may aid in the 
removal ofethanol from the digestive tract in accord with its abundance in the tissue, 
its kcat and its Km value. 
Class V A D H has not been isolated nor detected in any tissue. Using class I 
cDNA as a probe, class V mRNA has been found in both liver and stomach by using 
cross hybridization (Yasunami et al., 1991). After the expression of full-length 
cDNA in the E. coli expression system and in the in vitro translation system ofrabbit 
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reticulocytes, the protein produced showed optimal activity at p H 10.0，and has a 
lower K m value for benzyl alcohol than for ethanol and propanol (Chen and Yoshida, 
1991). 
ADHs are widely distributed in different tissues. Although the class I and 
class I I isozymes are mainly expressed in liver, they are also present in kidney, 
gastrointestinal tract and lung. The class I I I isozyme is present in all tissues 
(Harada et al., 1978; Goedde et al., 1979). The universal distribution o f A D H in 
various l iv ing organisms suggests that A D H is physiologically an important enzyme. 
Dehydrogenation of ethanol or other alcohols is usually visualized as the main 
function o f ADH. A t maximal velocity, the rate o f aldehyde reduction is about 40 
times greater than the rate of alcohol oxidation (Agarwal and Goedde, 1989). 
Numerous naturally occurring compounds have been suggested as physiological 
substrates for ADH. Alcohols arising from foodstuffs and fruits are also 
metabolized via the A D H pathway (Agarwal and Goedde, 1989). Class IV A D H 
may also play an important role in the visual processes by catalyzing the retinol-
retinal interconversion, as it has the highest kcat/Km value for retinoids among all 
the classes of A D H (Yang et al., 1994). Moreover，ADH has been proposed to be 
involved in the metabolism of steroid and bile acids as well as in the catabolism of 
short-chain alcohols responsible for food flavors (Agarwal and Goedde, 1989). 
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(B) Microsomal ethanol oxidizing system 
A small part of the ingested ethanol (< 10%) is metabolized by alternative 
pathways. The microsomal metabolism of ethanol accounts for the major non-ADH 
pathway of ethanol oxidation in the liver. The microsomal oxidation system is 
NADPH dependent and is linked to the cytochrome P-450 oxygenases (Lieber and 
DeCarli, 1972; Koop and Coon, 1985). Two of the many enzymes of this type, 
cytochromes P450IIE1 (CYP2E1) and P450IA2 (CYPlA2), interact with ethanol at 
levels encountered after drinking alcohol beverage. 
The cytochrome P450 superfamily of enzymes has been intensely studied on its 
central role in drug detoxification. A characteristic feature of almost all the P450 
enzymes is their strong inducibility. They are commonly induced by the presence 
oftheir own substrates. These enzymes typically have a broad substrate specificity 
and many chemicals are metabolized by several P450 forms. Lu and coworkers 
(1969) demonstrated that the necessary and sufficient constituents required for P450 
enzyme activity are P450 itself, NADPH-cytochrome P450 reductase and 
phospholipid. NADPH-cytochrome P450 reductase mediates the electron transfer 
from reduced pyridine nucleotide to microsomal cytochrome P450 while the 
phospholipid presumably provides a suitable milieu for the association ofP450. 
The MEOS provides an additional route for the oxidation of ethanol. It can 
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operate wittjcmt using nucleotide coenzyme as in the case of ADH. Rather, the two 
cytochrome P450 catalysts transfer reducing equivalent from ethanol to oxygen with 
the coordinated action of a reduced flavoprotein and a heme protein (Asai et al., 
1996). As this pathway consumes reduced coenzyme, it causes a significant loss of 
available energy for each molecule of ethanol that moves along this pathway (Lands 
and Zakhari, 1991). 
The CYP2E1 form is well known for its catalytic capacity to oxidize ethanol. 
The consistently reported induction of increased CYP2E1 activity by ingested 
ethanol keeps attention on this enzyme in the adaptation by chronic drinkers. 
Immunoblot analysis of human liver microsome showed a 4 fold increase of 
CYP2E1 in recently drinking alcoholics than in non-drinkers (Tsutsami et aL, 1989). 
Although the induction of CYP2E1 has little effect on the net ethanol clearance rates, 
it may have major importance in increasing the dissipation of energy and in 
increasing the toxicity of some xenobiotics. Recently, it is found that the CYPlA2 
form that specializes on activation of aryl hydrocarbon is also capable of oxidizing 
ethanol (Kuniton et cd., 1993). However, the contribution of CYPlA2 to 
microsomal ethanol oxidation is relatively minor, especially as this enzyme form 
appears not to be induced by ethanol. 
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(C) Catalase 
Catalase can also catalyze the oxidation of ethanol using hydrogen peroxide as a 
co-substrate (Keil in and Hartree, 1945). 
C2H5OH + U f i , ^ ^ • CH3CHO + 2 H P 
The catalase reaction is particularly important in brain where no other enzyme is 
known to convert appreciable amount of ethanol to acetaldehyde. Catalase is 
located in the peroxisomes. Direct studies on the absorption spectrum of the 
catalase's haem group in perfused rat liver have shown that catalase catalyses ethanol 
oxidation in such preparation (Sies and Chance, 1970). Although a higher 
concentration of H2O2 wi l l favour the true catalase reaction, the rate of ethanol 
oxidation wi l l , of course, be dependent on the rate of H2O2 production at lower 
concentrations. In the perfused liver preparation, the rate of ethanol oxidation by 
catalase was shown to be stimulated by substrates of peroxisomal H2O2-producing 
oxidases, for example, urate and fatty acids (Handler and Thurman, 1988). 
1.4.2 Oxidation of acetaldehyde to acetate 
The pharmacokinetics of acetaldehyde is characterized by its rate of formation 
and degradation as well as the localization of these processes. Under normal 
conditions, acetaldehyde is rapidly oxidized to acetate. Significant amount of 
14 
acetaldehyde can only be found in the liver (Salaspuro and Lindros, 1985). 
The oxidation of acetaldehyde in the liver is mediated mainly by NAD+-linked 
nonspecific A L D H as follows: 
CH3CHO + NAD+ + H2O 删 > CH3CO2H + N A D H + H+ 
The reaction is essentially irreversible. Apart from liver, A L D H activity is 
also present in most tissue but in only very little amount. Several isozymes of 
A L D H have been identified. They differ in their subcellular location, isoelectric 
point and K m value towards acetaldehyde. 
Two forms of A L D H activity can catalyze the oxidation of acetaldehyde. 
Class I A L D H is cytosolic with a Km value of 30^iM towards acetaldehyde while 
class I I A L D H is found in the mitochondria with a lower K m value of 3^M. 
Consideration of the activities and the Km values of these isozymes indicate that the 
mitochondrial enzyme would account for over 90% of the total activity towards 
acetaldehyde at concentration lower than 10|iM. Even at an acetaldehyde 
concentration of lOO^M, the class I I A L D H would contribute over 50% of the total 
activity (Tipton et al., 1989). In liver cells metabolizing ethanol, various A D H 
activities employ N A D H to catalyze rapidly the reduction of acetaldehyde back to 
ethanol (Cronholm, 1987), thus keeping the steady-state acetaldehyde level rather 
low. As a result, the low-Km class I I A L D H that is predominantly present in 
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mitochondria is regarded as the principal form responsible for the oxidation of 
ethanol-derived acetaldehyde to acetate (Yin and Li, 1989). Such simplistic 
consideration neglects the possible effects of compartmentation, coenzyme 
availability and the presence of competing reactions. Nevertheless, the dominant 
role of the mitochondrial matrix enzyme is consistent with results obtained from 
studies with perfused rat liver (Parilla et al., 1974), isolated rat and monkey 
hepatocytes (Havre et al., 1976) and reconstituted subcellular fractions from rat 
(Dawson, 1983) and human (Harrington et al, 1988) liver. 
Although the results of several studies have indicated that the A L D H activity 
with the low K m value towards acetaldehyde is confined to the mitochondrion in 
human liver (Henehan et al., 1985), density gradient fractionation ofbiopsy samples 
led Jenkins and Peters (1983) to propose that the cytosolic isozyme in human had 
rather different properties from those found in other species. In particular they 
reported that it had a higher activity at physiological pH and thus might be expected 
to play a more significant role in acetaldehyde metabolism. 
Several drugs can inhibit the A L D H activity and hence affect the blood 
acetaldehyde level achieved after ethanol ingestion. Thus, they have been used as a 
form of aversion therapy to prevent alcoholics from relapsing into drinking habits. 
One commonly used drug of this type is disulfiram (Kitson, 1989); (Section 1.8). 
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1*4,3 Role ofstomach and liver 
I Studies in rats (Caballeria et al., 1987; Julkunen et al., 1985) and human 
m f 
subjects (DiPadova et al，1987) have shown that intravenous administration of a low 
dose of ethanol results in appreciably higher blood ethanol concentration than does 
ingestion of the same dosage. Since absorption from the gastrointestinal tract is 
I complete, a fraction of the ingested alcohol must be metabolized at some sites 
I between the gastrointestinal lumen and the peripheral blood. This first-pass 
metabolism supposedly occurs almost entirely in the gastric mucosa (Caballeria et al, 
1987; Julkunen et al, 1985; DiPadova et al., 1987). 
I Although liver contains far more A D H activity (the rate l imit ing step in alcohol 
I . . 
I oxidation) than any other organ, including the stomach, it is impotent with regard to 
ifirst-pass metabolism. On the other hand, the stomach which carries out negligible metabolism ofcirculating ethanol is extraordinarily efficient in carrying out first-pass 
I 
I metabolism. Evidence to support this concept largely takes two forms: (1) A D H 
I activity is present in the gastric mucosa (Julkunen et al., 1985; Frezza et al., 1990; 
DiPadova et al.’ 1992); (2) first-pass metabolism disappeared in experiments where 
ienteral ethanol bypassed the stomach, i.e., after direct portal infusion in rats 
I (Caballeria et al., 1987) or after intraduodenal administration in human subjects 
I 參 






! Despite evidence supporting first-pass metabolism in the stomach, it has also 
I been argued that gastric oxidation of ethanol does not contribute significantly to 
m 
I ethanol metabolism. A lack of first-pass metabolism at blood concentration in the 
1 
social drinking range has been reported by Wagner (1986). Furthermore, gastric 
alcohol metabolism in rats assessed by the venous-arterial difference in alcohol 
metabolites across the stomach was negligible (Smith et al., 1992). It has also been 
suggested by Levitt and Levitt (1994) that reduction in blood ethanol concentration 
|
attributed to first-pass gastric metabolism could also be readily explained by the 
. 
difference in the rate of ethanol absorption from the gastrointestinal tract and hepatic 
I metabolism. In short, the amount of alcohol metabolism that occurs in gastric tissue 
I and the role ofgastric mucosal A D H remain controversial (Moreno and Pares, 1991). 
： 
I 1'5 Role of neurotransmitters 
. 
The relationship between central serotonergic neurotransmission and alcohol 
• 
• ^ 
； intake was first examined in preclinical studies. Drugs which increase serotonin 
activity, such as serotonin uptake inhibitor, consistently decreased ethanol intake in 
I rats G^aranjo et al., 1987), while manipulations which reduce central serotonin 
I activity usually resulted in an increase in alcohol intake (Higgins et al 1992) 
‘ • 
I Furthermore, low levels of serotonin andA)r its metabolite 5-hydroxyindoleacetic 
《;; 
> { . • 
i : \ . 
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acid have been found in some brain regions of alcohol-preferring rats (McBride et al., 
1992) and in the cerebrospinal f luid of alcoholics (Ballenger et al., 1979). Apart 
from the effect o f serotonergic neurotransmission, lines of evidence suggesting that 
action of ethanol on the dopamine system are critical in mediating its reinforcing 
properties and it may also play a role in addiction (Samson et al., 1992). 
The tissue levels of amine neurotransmitters is regulated by the mitochondrial 
enzyme monoamine oxidase (MAO) which exists in two forms designated as MAO_ 
A and MAO-B. MAO-A is particularly sensitive to inhibition by clorgyline and 
preferentially deaminates substrates such as serotonin and norepinephrine. MAO-B, 
on the other hand, is preferentially inhibited by pargyline and deprenyl, and has a 
proclivity for metabolism of amines such as P-phenylethylamine and benzylamine. 
Dopamine seems to be a substrate for both MAO-A and MAO-B (Donnelly and 
Murphy, 1977). M A O is mainly found in the brain, liver and blood platelets. In 
human platelets, only the B form is detectable. 
Although the structural characteristics responsible for the substrate selectivity of 
MAO-A and MAO-B are still a matter of controversy (Houslay et al, 1976; Tipton 
et al., 1976), it has been demonstrated that agents that can disrupt the lipid 
environment in which MAO resides can alter the kinetic parameters of the enzyme 
I 





A number of studies have shown the reduction of brain and platelet M A O 
activity in alcoholics (Wiberg et al., 1977; Faraj et al., 1987). However, a low 
platelet M A O activity is not strictly related to alcoholism but might also be due to 
other reasons, for instance, marijuana (Stillman et aL, 1978) and cigarette CNforman 
et a l , 1982) smoking. Moreover, while low platelet M A O activity is associated 
with alcoholism, only certain subgroups of alcoholics had low platelet M A O activity. 
The low platelet M A O activity is not related to pure alcoholism per se but to alcohol 
and drug abuse in subjects with certain specific personality traits such as sensation 
seeking and impulsivity. 
1'6 Renin-angiotensin system 
Recent research with rats indicates that activity in the renin-angiotensin system 
(RAS) is inversely related to ethanol consumption. It has been hypothesized that 
the RAS plays an important role in modulating the voluntary consumption ofethanol 
(Grupp et al., 1991). Specifically, it is believed that ethanol consumption promotes 
activity in the RAS, and that this enhanced RA activity feeds back to inhibit further 
consumption of ethanol. 
Angiotensin converting enzyme (ACE) is a central participant in the RA system. 
Inhibitors o f A C E have gained widespread acceptance as effective therapeutic agents 
20 
for the control of hypertension (Gavaras, 1990). The correlation between alcohol 
consumption and the RA system may also be related to the activity o fACE. 
ACE is a ubiquitous mammalian dipeptidyl carboxypeptidase that plays a 
central role in blood pressure regulation by converting the inactive decapeptide 
angiotensin I (Asp-Arg-Val-Tyr-Ile-His-Pro-Phe-His-Leu) to the potent vasopressor 
octapeptide angiotensin I I (Asp-Arg-Val-Tyr-Ile-His-Pro-Phe) removing the 
dipeptide, His-Leu, from the carboxy-terminal of the molecule. In addition, ACE 
also abolishes the activity of the peptide bradykinin, a vasodepressor, by an 
analogous mechanism. Angiotensin I is generated from a liver-derived precursor, 
angiotensinogen, in blood plasma by the action of another enzyme, renin, an enzyme 
which is released from the kidney in response to a number of blood pressure 
regulating signals (Ehlers and Riordan, 1990). The only known function of 
angiotensin I is to serve as a substrate for ACE. Angiotensin I I exerts a generalized 
： effect on vascular smooth muscle cell to produce arteriolar vasoconstriction and 
a 
ri 
] thereby increase blood pressure. It also reduces blood f low to the kidney, acts 
( 
( 
！ indirectly on the kidney to alter cation reabsorption and acts on the adrenal cortex to 
ii 
induce the secretion of aldosterone. A l l three of these effects result in sodium and 
water retention which further increases blood pressure. ACE is thought to 
participate in the thirst mechanism. Unfortunately, the three-dimensional structure 
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of this enzyme is unknown and, as a consequence, the basis for its substrate 
specificity has not been defined. 
Recent studies found that ethanol has a direct effect on the RAS. Indeed, it has 
been demonstrated that the plasma level of angiotensin I I rises in response to 
administration of ethanol as does plasma renin activity. It has been proposed that 
production of low level of angiotensin I I may be rewarding to the animal and may 
play a role in initiating the drinking behavior (Grupp, 1987). As more angiotensin 
I I is produced, however, it reaches a level where it acts as a stop signal indicating 
satiety. Therefore, any drug that would alter the ACE enzyme activity might have 
an effect on ethanol intake. 
L 7 Effects ofalcohol consumption 
(A) Metabolic consequences 
Oxidation of ethanol through the A D H pathway produces acetaldehyde which is 
converted to acetate; both reactions reduce NAD+ to N A D H (Section 1.4). Excess 
N A D H causes a number of metabolic disorders (Lieber, 1992), including 
hyperlactacidemia which contributes to acidosis and reduces urinary excretion of uric 
acid. This latter abnormality leads to secondary hyperuricemia, which is aggravated 




generation of purines. N A D H also opposes gluconeogenesis (thereby causing 
hypoglycemia), raises a-glycerophosphate level, and inhibits the Krebs cycle and 
fatty-acid oxidation. The inhibition of fatty-acid oxidation favours steatosis and 
hyperlipidemia involving all l ipid classes, including high-density lipoprotein. 
(B) Effect of acetaldehyde 
The acetaldehyde produced by the oxidation of ethanol also has toxic effects. 
It inhibits the repair of alkylated nucleoproteins (Espina et al., 1988) and markedly 
reduces oxygen utilization in mitochondria damaged by long-term ethanol 
consumption (Lieber et al., 1989). Moreover, acetaldehyde promotes cell death by 
depleting the level of reduced glutathione, inducing l ipid peroxidation, and 




microtubules, acetaldehyde blocks the secretion of proteins. The increases in 
:i 
•! 
1 protein, lipid, water (Wondergem and Davis, 1994) and electrolytes cause 
I i': 
li 
hepatocytes to enlarge or "balloon", a hallmark of alcoholic liver disease. 
Acetaldehyde is also an extremely reactive molecule capable of binding to a 
i 
number of macromolecules, including liver cell membrane proteins, CYP2E1, 
hepatocyte tubulin, muscle actin, type I I I collagen, haemoglobin and semm albumin 
(Kennedy and Tipton, 1990). Acetaldehyde forms adducts with proteins on the 
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outer surface o f the hepatocyte plasma membrane which are then recognized as new 
antigens by the immune system, stimulating an autoimmune response (Hoerner et al., 
1986; Niemeta et al., 1987). I f a pregnant woman drinks alcohol, acetaldehyde w i l l 
cross the placenta, impairs fetal D N A methylation (Garro et al., 1991), and may lead 
to fetal alcohol syndrome, the most preventable congenital abnormality (Abel and 
Sokol, 1991). 
(C) Effect on microsomal ethanol oxidizing system 
Long-term consumption of ethanol induces the MEOS. Liver-biopsy specimens 
from subjects who have recently drunk alcohol have a 5 to 10 fold increase in levels 
of cytochrome CYP2E1, a key enzyme in the oxidation o f ethanol (Tsutsami et al., 
1989)，and an increase in the corresponding mRNA (Takahashi et al., 1993). The 
induction of th is oxidizing system contributes to the metabolic tolerance ofethanol in 
alcoholics and also affects the metabolism of other drugs. When alcohol was 
consumed for several weeks by volunteers, the blood clearance rate of meprobamate, 
i 
I pentobarbital, propranolol, antipyrine，tolbutamide, warfarin, diazepam and 
I ] 1 i 
rifamuycin, being substrates of CYP2E1, was increased. This effect persisted for 
i 






Clinically, the most important feature of CYP2E1 is its extraordinary capacity 
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to convert many foreign substances into highly toxic metabolites. Regardless of its 
role in ethanol metabolism, the ethanol-specific form of cytochrome P450 has 
provided a major clue to the understanding of multiple ethanol-drug interactions, 
particularly wi th respect to the enhanced susceptibility of alcoholics to the 
hepatotoxic effects of various xenobiotic agents. Indeed, chronic alcohol intake has 
been shown to enhance susceptibility to hepatotoxic agents, especially those for 
which the ethanol-inducible form of CYP2E1 has a high affinity. For instance, liver 
toxicity of bromobenzene was found to increase following chronic alcohol 
consumption (Hetu et al, 1983). It is likely that a large number o f other toxic 
agents w i l l be found to display a selective injurious action in the alcoholic patient. 
Increased microsomal activation also promotes the action of carcinogens. 
Alcohol abuse is associated with an increased incidence of upper alimentary and 
respiratory tract cancers. Many factors have been incriminated in the co-
carcinogenic effect of ethanol (Lieber et al., 1986). One of the mechanisms is the 
effect of ethanol on enzyme systems involved in cytochrome P450 dependent 
carcinogen activation. Ethanol also affects microsomal metabolism of exogenous 
and endogenous steroids (Lieber, 1982). The effects include enhanced testosterone 
degradation and conversion to estrogens, as well as decreased testicular steroid 
synthesis. Furthermore, ethanol alters the metabolism of structurally related 
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vitamins, such as Vitamin D (Gascon-Barre, 1982). This and other micro-nutrients 
may serve as substrates for the microsomal enzymes and the induction of the 
microsomal oxidative activities may therefore alter vitamin requirement and even 
affect the integrity o f l iver and other tissues. 
In view of the opposite effects of long-term alcohol consumption, the net effect 
of concomitant alcohol and drug use in a given long-term alcohol consumer is 
diff icult to predict. It varies with the amount consumed, the relative affinity of 
alcohol and the other drug (or drugs) for the microsomal detoxification process, and 
the severity of the underlying liver injury which may offset the enzyme induction. 
(D) Effect on lipid peroxidation 
Alcohol induces significant changes in the plasma lipoprotein pattern. Acute 
intake is followed by a rise of very low density lipoproteins (VLDL) and 
exaggeration of postprandial chylomicronemia, while chronic alcohol consumption 
results in an increase of high density lipoproteins (HDL) and decline of low density 
lipoproteins (LDL) (Baraona and Lieber, 1979; Nikkila et al., 1984). The plasma 
triglyceride concentration is positively and the LDL level inversely correlated to 
alcohol consumption but these associations are much weaker than that for HDL 
(Castelli et al, 1977). The increase o f H D L after alcohol consumption is thought to 
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be responsible for the reduced risk of coronary heart diseases found in moderate 
drinkers (Turner et al., 1981). The effects ofalcohol on human V L D L metabolism 
have been relatively unexplored. In acute experiment, a single ethanol load 
increases the conversion of labeled free fatty acids to plasma V L D L triglyceride but 
does not consistently increase the net production ofthe latter (Wolfe et al., 1976). 
L8 Prevention and treatment 
It is now well accepted that chronic alcohol drinking produces a variety of 
physiological and physical changes in humans (Fig. 1.2). The prevalence and 
incidence of heavy alcohol consumption have been constantly increasing in recent 
years. The mass prevention strategy is based on reduction of alcohol consumption 
and changing the public and private environment. Recognition of suitable 
i i 




I this disease has been one of the major objectives in alcohol research. 
I To date, the pharmcotherapeutic agents have been restricted mainly to 
1 
laboratory research. Indeed only two pharmacological agents are presently 
j 
1 approved by the Food and Drug Administration in the United States for use in the 
.丨 
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(Adopted from Agarwal and Goedde, 1989) 
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agent in the treatment of alcoholism. Disulfiram and its metabolites inhibit A L D H 
activity in vitro and in vivo (Harada et al, 1982). Although disulfiram was 
introduced as a therapeutic agent for human alcohol addiction, it induces a broad 
spectrum of disagreeable effects due to the unpleasant alcohol-related flushing 
reaction and hence is not widely used. In contrast to disulfiram, the opiate 
antagonist naltrexone has recently received much attention although the molecular 
mechanisms by which it exerts its effects are not fully known. Presumably, opioid 
receptor antagonist suppresses alcohol-induced dopamine release in the nucleus 
accumbens thereby blocking the reinforcing properties ofalcohol (Swift, 1995). 
It is worth to find other suitable agents for development into an effective 
therapeutic drug for alcohol addiction. In recent studies, daidzin，a glycosylated 
isoflavone isolated from Radix puerariae, was demonstrated to be effective in 
suppressing ethanol intake in hamster (Keung and Vallee, 1993a). Radix puerariae 
is a herb which has been used for a long time in traditional Chinese medicine for the 
management of alcohol abuse. Like disulfiram, it potently inhibits human 
mitochondrial A L D H (Keung and Vallee, 1993b) but unlike disulfiram, its action is 
specific. The inhibition of mitochondrial A L D H activities may be the factor that 
daidzin suppresses ethanol consumption in hamster. 
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L 9 Outline ofthe thesis 
Extensive progress has been made in understanding the metabolism of ethanol 
and acetaldehyde during the last 25 years, although a number of questions remain 
unanswered. In the present investigation, hamster was used as the animal model to 
ascertain whether the activities of the alcohol metabolizing enzymes are related to 
the drinking ability. The activities of the alcohol metabolizing enzymes and the 
l ipid composition in the liver of hamster were examined after alcohol consumption. 
Hamsters were also be used to examine whether green tea extract can be used for the 
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2.人 1 A lcoh ol sensitivity 
Alcoholism is one of the most challenging current health problems in Westem 
countries with far-reaching medical, social and economic consequences. Since the 
recognition of alcoholism as a disease, the government expenditure is growing 
everywhere to provide adequate facilities for treatment and rehabilitation. Each 
year, hundreds of billions of dollars are spent on health care related to alcoholism in 
the developed countries (Agarwal and Goedde, 1989). 
A general population survey in 1984 in the United States on drinking patterns 
and problems revealed that 18% of all men and 5% of all women were frequent 
heavy drinkers (Hilton, 1987). Striking sex-related and age-related differences were 
noted. Greater proportion of men than women and greater proportion of younger 
than older drinkers reported heavy drinking, intoxication and the presence of 
drinking problems. Racial pattern of alcoholic beverage use also indicated certain 
differences. In a large survey comprising about 60,000 person l iving in the United 
States, self-reported alcohol consumption was found to be quite similar in Whites 
and Blacks, while Asians consumed significantly lower amount (Klatsky et al., 1983). 
The three racial groups differ markedly in the rate of metabolism based on the rate of 
disappearance of ethanol from the blood. Native American Indians and Eskimos 
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metabolize alcohol at a significantly slower rate than the Whites. However, due to 
the significant difference in body mass and dietary habits o f the subjects examined, 
results o f such studies are ambiguous (Reed and Kalant, 1977). Genetic and racial 
determinants o f alcohol metabolic rate might be related to the genetic differences in 
the enzymes involved in the metabolism of alcohol among these groups. 
2,1.2 Gender difference 
Besides the racial difference，gender difference in alcohol consumption is also 
wel l documented. Men o f all races drink more than women. Although the more 
serious inherited subtype of alcoholism is characteristically found only in males, 
female alcohol abusers are more vulnerable than males to liver cirrhosis. Women 
achieve higher blood concentration o f ethanol than men fol lowing an identical dose. 
This can be explained in part by their proportionately smaller tissue volume for 
ethanol distribution, but better absorption of ethanol due to lesser metabolism during 
passage through the gastric mucosa could also contribute. Such gender difference 
in human can be explained by a higher stomach A D H activity, and hence a more 
efficient first-pass metabolism of ethanol, in men (Frezza et al, 1990). However, 
whether there is any significant first-pass metabolism of ethanol in the stomach is 
still a matter of debate (Gentry et al, 1994). 
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In addition, the sex difference may also be contributed by hormones which 
would affect ethanol elimination. For example, testosterone and its derivatives 
depress hepatic A D H (Teschke and Wiese, 1982) and hence the enzyme activity, is 
significantly higher in women than in men up to the age of 50 to 53 years (Maly and 
Sasse, 1991). Another factor is the delay in gastric emptying during the luteal 
phase of the menstrual cycle in women. 
Clinically, liver injury is more frequent and progresses faster in women than 
men with similar histories of alcohol abuse (Morgan and Sherlock, 1977). Daily 
consumption of 20g of alcohol in women, as compared with 40g to 60g in men, 
significantly increased the incidence of cirrhosis in a well-nourished population. 
Female hormone such as estrogen (endogenous and exogenous e.g., oral 
contraceptives) can impair various liver functions. Furthermore, women have 
higher ethanol induced acetaldehyde level than men (Parrish et al., 1993). 
Hormone may also influence the pathologic response to ethanol in other tissues; 
alcoholic women may have a higher risk of breast cancer and gastric ulcers than 
women who do not drink (Rabinovitz et al., 1989). 
There may be many other factors that contribute to the gender difference in the 
drinking behaviour and ethanol elimination. Therefore, additional research is 
needed to explain some of these differences. 
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2A,2 Objective 
Numerous animal studies have been reported on the possible mechanism 
responsible for the production of tolerance and dependence to alcohol. Like human, 
hamster is well documented that male has a stronger preference for ethanol than the 
female (Arvola and Forsander, 1963). Thus, hamster may be used as an animal 
model for the study of gender difference. The aim of th is investigation was to study 
the alcohol metabolizing enzymes as well as other enzymes which might be related 
to alcohol consumption in hamster to ascertain whether they are related to the 
observed sex difference in alcohol intake. 
The ethanol intake and preference ratio were examined in both male and female 
hamsters to confirm their drinking ability reported previously. The activity of the 
alcohol metabolizing enzymes, including gastric and hepatic enzymes, were 
determined to investigate whether they are related to the observed gender difference 
in the ethanol preference. In addition, the enzyme activities of M A O and ACE 
were also determined to examine whether the neurotransmitter metabolism or the 






2.2 Materials and methods 
2.2.1 Materials 
Sodium phosphate, sodium chloride, sodium hydroxide, magnesium sulfate and 
potassium phosphate were obtained from Riedel-de Haen. Sucrose, EDTA, NAD+, 
glycine, pyrazole, p-nitrophenol, pyrazole, NADPH, perchloric acid, potassium 
chloride, resomfm，methoxyresorufin, glucose-6-phosphate, glucose-6-phosphate 
dehydrogenase, NADP+，bovine serum albumin, hippuryl-His-Leu and hippuric acid 
were obtained from Sigma. ['^C]p-Phenylethylamine (52mCi/mmol) was obtained 
from N E N Life Science. Ethanol, acetaldehyde and hydrochloric acid were from 
British Drug House. Hydrogen peroxide, ethyl acetate and methanol were obtained 
from Merck. Liquid scintillation cocktail was obtained from Fisher Chemicals. 
i 
2.2.2 Animals 
Eight-week-old Syrian golden hamsters were obtained from the LASEC 
(Laboratory Animal Services Centre) in the Chinese University of Hong Kong, from 
an original stock obtained from Simonson laboratories, Gilroy, California. The 
animals had free access to food and water before experiment. 
I 
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2.2,3 Tissue preparation 
� Preparation ofcytosolic fractionfor ADH，ALDH and catalase assays 
Animals were anaesthetized. The brain, stomach and liver were immediately 
excised. For the preparation of the cytosolic fraction, the tissues were homogenized 
in 1 volume of lOmM sodium phosphate, pH 7.2. The homogenate was then 
centrifoged at 42,500g for 60 min at 4°C. The supernatant obtained was used for 
the measurements of protein and enzyme (ADH, A L D H and catalase) activity 
(Section 2.2.4). 
(B) Preparation of crude microsomal fraction for MROD and CYP2E1 
assays 
For the preparation of l iver microsomal fraction, the liver was homogenized in 4 
volumes of O. lM sucrose, 0.05M potassium chloride, 0.03M EDTA, 0.04M 
•i 
potassium phosphate, pH 7.2 using Potter-Elvehjem homogenizer. The homogenate 
was centrifuged at 12,000g for 20 min at 4°C. The supernatant obtained was 
centrifbged again at 105,000g for 60 min twice. The pellet obtained was 
resuspended in the homogenizing buffer by gentle homogenization with a loose-
fitting Teflon pestle. The preparations were stored at -70°C before use in the assay 
o fMROD and CYP2E1 (Section 2.2.4). 
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(Q Preparation ofliver and brain extractsfor MA 0 assay 
The tissues were homogenized in 10 volumes o f O . l M sodium phosphate, pH 
7.5. The homogenate was then centrifuged at l,OOOg for 15 min at 4。C. The 
supernatant obtained was used for the measurements of protein and M A O activity 
(Section 2.2.4). 
(D) Preparation of lung extract for A CE assay 
The lung was homogenized in 5 volumes of O. lM potassium phosphate, pH 8.3. 
The homogenate was then centrifuged at l,OOOg for 15 min at 4。C. The supernatant 
obtained was used for the measurements of protein and ACE activity (Section 2.2.4). 
2,2,4 Enzyme and protein assays 
(A) Alcohol dehydrogenase activity 
A D H activity was measured spectrophotometrically by following the 
absorbance increase at 340nm with a Hitachi-U2000 spectrophotometer at 25°C. 
丨 A D H activity was determined in a reaction mixture consisting of 2.5mM NAD+, 
I 
I O. lM glycine-sodium hydroxide, pH10.0 containing 40 (for liver ADH) or 500mM 
.:丨 
•;i 
I (for stomach ADH) ethanol as substrate. To correct for the background rate of 
'] 
\ 
NAD+ reduction, 5^1 of the liver supernatant fluid or 50|il of the stomach supernatant 
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fluid were first incubated in 1ml of assay buffer for 10 min before the substrate was 
added to initiate the reaction. The A D H activity was calculated based on an 
extinction coefficient of 6,220M'^cm'^ for N A D H produced at 340nm. 
(B) Aldehyde dehydrogenase activity 
Like ADH, A L D H was measured spectrophotometrically at 340nm in O. lmM 
NAD+, l m M pyrazole, 0.15M potassium chloride, O. lM glycine-sodium hydroxide, 
pH9.5, containing 0.5mM acetaldehyde as substrate. After the correction of 
background, the A L D H activity was calculated based on the extinction coefficient of 
6,220M-icm-i for N A D H produced at 340nm. 
(C) Cytochrome P450IIE1 activity 
CYP2E1 activity was assayed by adding O.lmg of hepatic microsome to an 
assay medium containing l m M NADPH, lOO^iM p-nitrophenol in lOOmM potassium 
phosphate buffer, pH 6.8. The reaction was terminated with 0.6N perchloric acid. 
Following centrifugation, the supernatant was obtained. After the addition of 10N 
sodium hydroxide, the absorbance at 546nm was determined. An extinction 
coefficient of 9,530M'^cm"^ for resorufm produced was used for calculating the 
enzyme activity. 
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(D) Catalase activity 
Catalase was assayed in phosphate buffer by adding 3.522g KH2PO4 and 7.268g 
N%HP04.2H20 in distilled water, pH7.0 and in hydrogen peroxide-phosphate buffer 
by adding 0.16ml hydrogen peroxide (30%) to 100ml with phosphate buffer. The 
enzyme activity was determined by measuring the time required for a decrease in 
absorbance of 0.05 and was calculated as described by Ltlck (1965). 
(F) Methoxyresorufin 0-demethylase activity 
The assay was performed according to the procedure o fPohl and Fouts (1980). 
Twenty five ^g of protein was incubated in 0.5ml of an assay medium containing 
O. lmM magnesium sulfate, 1.6mg bovine serum albumin, 1.5^M methoxyresorufin, 
50mM potassium phosphate, pH 7.5. The reaction was initiated by the addition of 
150^il of NADPH-regenerating system (0.2 unit of glucose-6-phosphate 
dehydrogenase, 0.28mM NADP+ and 2.5mM glucose-6-phosphate). After 
incubation at 37°C for 15 min, the reaction was terminated by precipitating the 
protein with 1 ml methanol. After centrifugation, the supernatant f luid was taken 
！ 
I for fluorescence measurement with an excitation wavelength of 530nm and an 
j 
•j 





with reference to the standard curve. 
1 
1 i i 
i 
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(G) MAO activity 
The M A O enzyme activity was determined in 300^1 assay medium containing 
0.084M sodium phosphate, pH7.5. The reaction was initiated by the addition of 
2^iM [i4C]p-phenylethylamine (33mCi/mmol). After incubation at 37°C for 1 hour, 
the reaction was stopped by adding 1 ml 2N hydrochloric acid. Following 
extraction wi th 2.5ml of ethyl acetate, 1 ml of the organic phase was obtained and 
scintillation f luid was then added for subsequent radioactivity counting. 
(H) ACEactivity 
The ACE activity was assayed by measuring the amount of liberated hippuric 
acid from hippuryl-His-Leu according to the method of Cushman et al (1971). The 
reaction mixture contained O. lM potassium phosphate buffer, pH 8.3, 0.3M sodium 
chloride, 2.5mM hippuryl-His-Leu and the test sample in a final volume of 0.25ml. 
After 30 min incubation at 37°C，the reaction was stopped by adding 0.25ml of l N 
hydrochloric acid, and the hippuric acid was extracted with 1.5ml of ethyl acetate. 
An 1.0ml aliquot of the extract was evaporated to dryness and the residue was 
dissolved in 1.0ml of distilled water. The hippuric acid concentration was 
determined from the absorbance at 228nm. 
I 
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(I) Protein determination 
Protein was determined by the method of Lowry et al (1951)，using bovine 
serum albumin as the standard. 
2,2,5 Drinking experiment of alcohol 
Male and female hamsters with matched age (8 weeks) were housed in an 
animal room on a 12h light/dark cycle (light:0600-1800) period in LASEC o f the 
Chinese University of Hong Kong. The animals were divided into two groups and 
each group consisted of 18 male and 18 female hamsters. Three hamsters were 
housed together in one cage. In the experimental group, the animals were given a 
free choice between 15% ethanol (in tap water) and tap water while in the control 
group, only tap water was given. Both groups had free access to food. These 
treatments continued for a 25-day period. Fluid intake, diet intake and body weight 
i 
were measured every third day and the position of the bottles were interchanged 
j 
every time to control for the position preference. Ethanol preference ratios (defined 
as ethanol solution intake [in ml] divided by total fluid intake [ethanol solution intake 
(in ml) + water intake (in ml)]) were calculated throughout the study. 
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2,2.6 Statistical an alysis 
Statistical analysis is performed by using the Student's t test. A P value under 
0.05 is considered to have statistical significance. 
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2,3 Results 
2.3,1 Ethanol solution and water choice test 
The mean f luid consumption by male and female hamsters was shown in Fig. 
2.1 and Fig. 2.2. During the initial period of choice between ethanol solution and 
water, hamsters showed a relatively lower preference (Fig. 2.3) to ethanol in both 
males (0.716) and females (0.533). Water intake ofhamsters steadily declined with 
days and the ethanol preference ratio increased to over 80% after day 6 in both 
genders. Comparing with the males, females had a lower preference for ethanol 
during the initial period of the drinking test. Although the preference ratio 
increased with days, the females still showed a slightly lower ethanol preference ratio 
than the males, however, such difference showed no statistically significant (Fig. 2.3). 
Moreover, a lower ethanol preference ratio was observed in females but they 
consumed a slightly larger amount of alcohol than males (Fig. 2.1 and Fig. 2.2). On 
average, the total f luid intake of a male hamster was about lOml/day while that for a 
female was about 20ml/day. 
Hamsters in the drinking test gained some weight during the 25-day period of 
i 
free choice situation. The change in body weight did not show any statistical 
significance in both the experimental and control groups (Fig. 2.4). 
( i 
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male hamsters. A l l values are expressed as mean 土 SE of 6 cages. The animals 
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female hamsters. A l l values are expressed as mean 土 SE of 6 cages. The animals 
were 8 weeks old at the beginning of the experiment and three hamsters were housed 
together in one cage. (A) Control; (B) Experiment 
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Fig. 2.3 Ethanol preference ratio (defined as ethanol solution intake [in ml] divided 
by total f luid intake [ethanol solution intake (in ml) + water intake (in ml)]) during 
free choice situation of male ( • ) and female ( • ) hamsters. 
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Fig 2.4 Body weight during the free choice situation. A l l values are expressed as 
mean 士 SE of 18 hamsters. The animals are 8 weeks old at the beginning of the 
experiment. ( • ) males receiving water only; ( • ) males receiving 15% ethanol and 
water; ( • ) females receiving water on ly ; (〇 ) fema les receiving 15% ethanol and 
water. 
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Fig 2.5 Average diet intake during the free choice situation. A l l values are 
expressed as mean 土 SE of 6 cages. The animals are 8 weeks old at the beginning 
of the experiment and three hamsters were housed in one cage. ( • ) males 
receiving water only; ( • ) males receiving 15% ethanol and water; ( • ) females 
receiving water only;(〇）females receiving 15% ethanol and water. 
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calories provided by ethanol, the average individual daily food intake by the 
experimental groups in both males (control: 7.82gm; ethanol: 5.08gm) and females 
(control: 9.15gm; ethanol: 5.19gm) were lower than the control groups (Fig. 2.5). 
2 2.1 Alcoh ol metabolizing enzymes 
The mean (± standard error, SE) gastric and hepatic alcohol metabolizing 
enzymes activities of eight-week-old alcohol naiVe hamsters are summarized in Table 
2.1. Gender difference was found in liver ADH, A L D H and MROD activities. The 
hepatic enzyme activities of ADH, A L D H and MROD were 27.9,32.2% and 56.5% 
higher in male hamsters respectively (p<0.05). However, the activities of other 
hepatic alcohol metabolizing enzymes, including catalase and CYP2E1, were not 
found to have any significant sex difference. 
To determine the possible role of stomach in the gender difference of alcohol 
consumption, the activities of gastric alcohol metabolizing enzymes were also studied. 
It was found that gastric A D H was 57% higher in activities in males (p<0.005). A 
weak stomach A L D H and catalase were detected but there was no significant sex 
difference. 
To study i f alcohol consumption was in any way related with the 
neurotransmitter system, the enzyme activities of liver and brain M A O were 
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Table 2.1 Activit ies of alcohol metabolizing enzymes in the stomach and liver 
o fmale and female hamsters. 
Act iv i ty 
Enzyme Unit Male Female 
Stomach 
ADH nmole/min/mg 6.62士1.0 4.22±1.0' 
Catalase /umole/min/mg 12,9±2.4 11.1±0.9 
ALDH nmole/min/mg 4.53士1.0 3.34±0.89 
Liver 
ADH nmole/min/mg 55.4+3.0 43.3±3.r 
Catalase |umole/min/mg 335143 312±83 
CYP2E1 nmole/min/mg 4.96±0.78 4.26±0.22 
MROD pmole/min/mg 302±29 193 ±37^ 
ALDH nmole/min/mg 20.5±7.0 15.5±4.0^ 
Enzyme activities were determined as described in Materials and methods. A l l 
values are expressed as mean 土 SE of 5 hamsters. The animals were 8 weeks old. 
T<0.005, statistically different from males. 
bp<0.001, statistically different from males. 
T<0.05, statistically different from males. 
Statistical analysis was performed by Student's t-test. 
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Table 2.2 Activities of liver and brain M A O in male and female hamsters. 
Activity {pmole/min/mg) 
Enzyme Male Female 
Liver MA 0 107±44 123±41 
Brain MAO 19.6±3.2 17.0±3.5 
Enzyme activities were determined as described in Materials and methods. A l l 














Table 2.3 Activities of lung ACE in male and female hamsters. 
Activity {nmole/min/mg) 
Enzyme Male Female 
LungACE 25.0i9.7 12.0±3.7' 
Enzyme activities were determined as described in Materials and methods. A l l 
values are expressed as mean 土 SE of 5 hamsters. The animals were 8 weeks old. 
T<0.001, statistically different from males. 
Statistical analysis was performed by Student's t-test. 
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examined. The results are shown in Table 2.2. The activities o f brain and hepatic 
M A O showed no statistically significant difference between the males and females. 
In Table 2.3，the activity o f ACE in male and female hamsters were shown. It 
was found that the activity o f ACE in females was one fold lower than that o f in the 
males. 
2.3,3 Age and sex differences 
As to the age factor, the liver alcohol metabolizing enzymes in the 8 weeks old 
and 12 weeks old hamsters were studied. The sex difference observed in hepatic 
！ 




； weeks old hamsters. In addition，the A D H and catalase activities showed a 
statistically significant increase in 12 weeks animals when compared with the 
younger hamsters in both genders. In contrast, microsomal MROD, CYP2E1 and 
: hepatic A L D H were unaffected by age. The age difference in activity of liver 
alcohol metabolizing enzyme was summarized in Table 2.4 and Table 2.5 for male 






Table 2.4 Activities of liver alcohol metabolizing enzymes in 8 weeks and 12 
weeks alcohol naive male hamsters. 
Activity 
Enzyme Unit 8 weeks 12 weeks 
ADH nmole/min/mg 51.0i l0.5 65.3±2.6' 
Catalase jumole/min/mg 313±10 342±46 
CYP2E1 nmole/min/mg 5.91±1.23 4.96±0.78 
MROD pmole/min/mg 220±16 202士19 
ALDH nmole/min/mg 28.1±5.2 28.5±7.9 
Enzyme activities were determined as described in Materials and methods. A l l 
values are expressed as mean 土 SE of 5 hamsters. 
T<0.005, statistically different from 8 weeks old. 
Statistical analysis was performed by Student's t-test. 
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Table 2.5 Activities of liver alcohol metabolizing enzymes in 8 weeks and 12 
weeks alcohol naiVe female hamsters. 
Activity 
Enzyme Unit 8 weeks 12 weeks 
ADH nmole/min/mg 50.1±6.5 58.1±1.7a 
Catalase jumole/min/mg 298+7 393±27' 
CYP2E1 nmole/min/mg 4.46±0.75 4.26±0.22 
MROD pmole/min/mg 137±27 141±15 
ALDH nmole/min/mg 20.7±3.2 17.9+2.7 
Enzyme activities were determined as described in Materials and methods. A l l 
values are expressed as mean 土 SE of 5 hamsters. 
i ap<o o05, statistically different from 8 weeks old. i 
i 










The alcohol intake and preference reported in the present study are in agreement 
with results previously reported for the golden hamster (Arvola and Forsander, 1961; 
Kulkosky and Cornell, 1979; Piercy and Myers, 1994). 
Arvola and Forsander (1961) found that when offered a choice between a 10% 
concentration of ethanol and water, the male hamster consumes as much as 88% of 
its total f luid as the ethanol solution whereas female drinks approximately half that 
amount. Moreover, they also found that in terms of their proportional intake, the 
female hamster selects water over 15% ethanol, whereas the male hamster prefers 
this concentration of ethanol to water (Arvola and Forsander, 1963). However, the 
present findings demonstrated that the female hamsters wi l l consume ethanol 
voluntarily at a much higher level than that reported earlier. In fact, individual 
female hamster consumed as much as 80% of their total f luid intake in the form of 
ethanol at 15% concentration although the preference ratio was relatively low at the 
beginning of the 25-day drinking period. Similar results for ethanol intake in 
female hamsters was also obtained by Piercy and Myers (1994). They found that 
the ethanol intake in females was higher than the water intake in 15% of ethanol 
concentration and the preferred concentration of ethanol for female hamster is 24.2 
±1.50/0. 
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Therefore, it is confirmed that both male and female hamsters displayed a high 
preference ratio to 15% ethanol when given a free choice situation. In this study, 
individual animal consumed about 15ml 15% of ethanol per day and these values 
corresponded to intake of 12.6gnVkg/day of absolute ethanol. The absolute alcohol 
intake of hamster agreed with previous reports for the voluntary alcohol intake in 
hamster (Kulkosky and Cornell, 1979; DiBattista, 1994). Compared with other 
species, a rat only consumed 0.92gmy'kg/day of absolute ethanol. It was suggested 
that such difference was contributed by a comparatively high liver A D H activity 
(Rats: 5.6±0.2 ^mol/miny'gm wet weight of cells; Hamsters: 9.3±0.9 ^mol/minv^gm 
wet weight of cells), ethanol metabolism (Rats: 2.9+0.13 ^imol/min/gm wet weight of 
cells; Hamster: 5.7+0.5 ^mol/miny'gm wet weight of cells) and blood elimination rate 
in hamsters (Kulkosky and Cornell, 1979). Therefore, the comparatively high 
free-selection ethanol intake and preference in hamster is accompanied by a 
relatively high metabolic capacity. 
Apart from metabolic capacity, the physiological basis for the high ethanol 
metabolism in hamsters may also be a factor for its high voluntary ethanol intake. 
It is reported that the fermentation of food take place in the pregastric pouch of the 
hamster's bi-compartmented stomach (Hoover et al., 1969). Moreover, the first 
pass metabolism in stomach might also be the factor to account for a high free-choice 
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ethanol intake. However, only a weak gastric A D H activity was detected at a high 
concentration of ethanol (Fong, 1995) but in the finding ofBatra et al. (1995), a high 
level of catalase activity was found in the stomach of hamsters. Although the 
virtual absence of gastric A D H cannot be used to explain the high ethanol intake in 
hamsters, the comparatively high catalase activity may account, at least in part, for 
this. In fact, hamsters were presumably able to tolerate the extremely high levels of 
ethanol intake because their metabolism of ethanol is rapid and efficient. 
Apart from the high level of ethanol intake, the diet intake was also found to be 
reduced in the ethanol treated hamster in both males and females. Such observation 
was also found by McCoy et al. (1981). It was found that the caloric intake was 
significantly reduced in the ethanol drinking hamsters. It suggested that the caloric 
intake of the hamster derived from a given concentration of ethanol is inversely 
related to the caloric intake from food, thus yielding a virtually constant total caloric 
intake. 
With respect to the ethanol preference ratio, male hamster showed a relatively 
high value than the female at the initial period of the drinking test. Since the 
difference of ethanol intake between species could be explained by the alcohol 
metabolizing enzyme in liver and stomach, the sex difference of the preference ratio 





The present investigation showed that the activities o f stomach ADH, hepatic 
microsomal MROD and hepatic A L D H had a relatively low value in females. The 
activity of gastric A D H was also reported by Fong (1995) to be 22% higher in the 
male hamster than the female. The lower gastric A D H activity in females may be 
one of the factors contributing to the lower alcohol preference ratio. A higher 
gastric A D H activity in males may lead to a more efficient first pass metabolism of 
ethanol and hence increase the voluntary use of ethanol. However, whether there is 
any significant first pass metabolism of ethanol in the stomach is unknown (Gentry et 
cd., 1994) and such a low activity and high Km value of this enzyme suggested that it 
may not play a significant role in alcohol metabolism. 
A lower hepatic A L D H activity in females has not been reported. The 
observed lower ethanol preference in female may also be explained by the hepatic 
ALDH. A L D H is the major enzyme for acetaldehyde oxidation, the lower A L D H 
activity wi l l therefore increase the concentration of acetaldehyde in liver. As 
acetaldehyde seems to be the main agent responsible for most of the severe 
symptoms of alcohol related sensitivity including facial flushing, hot feeling in 
stomach, palpitation, tachycardia and muscle weakness, female hamsters, with lower 
hepatic A L D H activity, may thus experience unpleasant reactions after drinking 
alcohol and hence may be consuming fewer alcoholic drinks. 
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Besides the A L D H activity, a lower microsomal MROD activity was also 
detected in female hamsters. Methoxyresorufin is a selective substrate for CYP lA2 
and therefore, the activity of MROD reflected the activity o f microsomal CYPlA2. 
Although a lower CYP lA2 activity was found in females and it may lower the 
concentration of acetaldehyde accumulated in liver, the contribution of CYP lA2 to 
ethanol oxidation is relative small. Therefore, the difference may be not enough to 
compensate the effect of the lower A L D H in female hamsters. 
Microsomal cytochrome P450s is also involved in the oxidative metabolism o f a 
wide variety of drugs and other foreign enzyme systems. CYP lA2 is generally 
regarded as the principal catalyst for the major metabolic reactions involved in 
caffeine biotransformation and it is induced by cigarettes smoking and the 
consumption of charbroiled meat (Conney, 1986). The microsomal CYPlA2 
activity may play an important role in the hepatotoxicity of a number of drugs, 
carcinogens and xenobiotics. Therefore, the gender difference in CYPlA2 may 
have an effect on liver damage. 
An increase of alcohol preference with days was also observed in the present 
study. Although the female hamsters showed a comparatively lower ethanol 
preference ratio, after day 5, the difference became smaller and showed no statistical 
significance. The increase in preference ratio may be related to the effect of chronic 
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alcohol consumption or the presence o f developmental change o f the alcohol 
metabolizing enzymes. 
The effect ofchronic alcohol consumption on the alcohol metabolizing enzymes 
was studied in Chapter 3. It is wel l known that hamster's CYP2E1 could be 
induced by ethanol (Ueng et al., 1993), the increased in MEOS activity may explain 
the increase in alcohol preference. As to the developmental change, a significant 
increase o f hepatic A D H activity was found in both genders and a significant 
increase o f hepatic catalase was found in females when the 12 weeks old hamsters 
were compared wi th the 8 weeks old hamsters. The increase in the activity o f these 
enzymes may also be a factor associated wi th the increase in preference ratio. 
However, although ethanol oxidation was increased by age，the rate of acetaldehyde 
oxidation was unaffected. Therefore, the contribution of the age factor to the 
increase in ethanol preference ratio may be relatively small. 
As discussed in Chapter 1，the ethanol intake may also be related to the 
neurotransmitter and RAS. M A O and ACE were the enzymes responsible for the 
neurotransmitter metabolism and salt-water balance respectively, therefore, the 
activities of M A O and ACE were studied. The present investigation found that 
hepatic and brain M A O activities were similar in both male and female hamsters but 
the lung ACE activity was found to be 2 fold higher in males. 
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In this study, the activity of the M A O type B enzyme was measured. Several 
reports demonstrated that the platelet MAO-B enzyme activity in alcoholics is 
usually lower (von Knorring et al., 1985; Sullivan et al., 1990). However, the 
activity of M A O in liver and brain seems not to be the factor for the gender 
difference in alcohol preference. 
Recent research with rats showed that the RAS is related to the voluntary 
consumption of ethanol (Grupp et al., 1991). RAS was also reported to play a 
modulatory role in the control of ethanol intake in hamsters (DiBattista, 1994). The 
increase in ethanol intake observed in salt consuming hamsters significantly 
exceeded the increase observed in hamsters that consumed similar amounts of chow-
derived calories. However, the difference in ACE activity cannot explain the sex 
difference in ethanol preference ratio observed in hamster but it may explain the 
relatively high total f luid intake observed in females. Interestingly, the total fluid 
intake in male hamster was about 8 to 10ml per day whereas the total f luid intake in 
female hamster was about 15 to 20ml per day. Such large sex difference in total 
f luid intake may be associated with the RAS. 
It has been proposed that the production of low level of angiotensin I I may be 
rewarding to the animal and may play a role in initiating drinking behavior. As 
more angiotensin I I is produced, however, it reaches a level where it acts as a stop 
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signal indicating satiety (Gmpp, 1987). Therefore, the lower ACE enzyme activity 
j observed in female hamsters may increase the total daily f luid intake value both in 
:rk'. 
ii 
the ethanol treated and the control female hamsters. 
The regulation of the voluntary ethanol intake in hamster is complex. 
Although the results of the present study on the enzymes could explain, at least in 
part, the sex difference in alcohol intake of hamster, many other factors also play a 
i 
role in modulating the alcohol consumption in the animal. 
* 
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Chapter 3 Effect of Chronic Alcohol Consumption 
3.1 Introduction 
3.1.1 Adaptive changes in ethanol metabolism 
丄 1.2 Nutritional and physiological effect 
3.1.3 Effect on lipoproteins 
3.1.4 Hepatotoxicity 
3.1.5 Objectives 
3.2 Materials and methods 
3.2.1 Materials 
3.2.2 Animal treatment 
3.2.3 Preparation of tissue extract 
3.2.4 Enzyme and protein assays 
3.2.5 Sodium dodecyl sulfate polyacrylamide gel 
electrophoresis and western blotting 
3.2.6 Lipid determination 
3.3 Results 




3.3.2 Effect ofethanol consumption on alcohol metabolizing 
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enzymes 
丄 3.3 Effect ofethanol consumption on alanine transaminase 
and aspartate transaminase level 
3.3.4 Effect of ethanol consumption on microsomal P450 
isozymes 
3.3.5 Effect ofethanol consumption on liver and serum lipids 
3-3.6 Effect of ethanol consumption on hydroxy-3-





Ethanol is a common element in the Western diet. A n increased incidence o f 
cirrhosis in the last decade has been reported (Sherlock, 1988). Excessive ethanol 
consumption has adverse effects on many organs but it affects the liver mostly. It is 
clear that alcoholic liver disease is the result o f many interrelated mechanisms, and 
that different pathogenic processes in its generation are of varying importance in 
different individuals. Both ethanol and its metabolite, acetaldehyde, can directly 
affect cell membranes, intracellular enzymes, immune response, hepatic fibrogenesis 
and tissue oxygenation. Although microsomal cytochrome P450 induction by 
ethanol is well known, the consequences of increased production of tox ic metabolites 
from xenobiotics such as paracetamol must also be taken into account when 
considering liver damage attributed to ethanol. 
3AJ Adaptive changes in ethanol metabolism 
Chronic ethanol consumption has only a minor effect on A D H activity, increases 
of up to 10% have been reported in human (Crow and Hardman, 1989). In contrast, 
the activity of the microsomal enzyme CYP2E1 can be significantly increased as a 
result of induction of the smooth endoplasmic reticulum. After ethanol 
consumption, although the microsomal A L D H activity may be increased (Tipton et 
1 \ 
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al., 1983), the activities of the cytosolic and mitochondrial enzymes were decreased 
and retum to normal on abstinence (Agarwal et al., 1983; Ricciardi et al., 1983). 
This decreased ability to oxidize acetaldehyde may, in tum, lead to toxic effects. 
The A L D H associated with the mitochondrial matrix is also reduced in malnutrition 
(Lindross, 1989), a condition quite common in alcoholics (Reinus et al., 1989). 
S.L2 Nutritional and physiological effect 
The whole nutritional milieu of chronic alcoholics may be altered; a high 
percentage of the total caloric intake of alcoholics (as much as 42%) may come from 
alcohol so that malnutrition is frequently associated with alcoholism (Lieber, 1991). 
Some people regarded alcohol as non-toxic per se, with alcoholic fatty liver caused 
by malnutrition and the altered balance of carbohydrate, fats and protein associated 
with alcoholism (Derr et al., 1990). Although adipose tissue lipolysis increases in 
ethanol feeding, the effects are only seen at very high doses (Homing et al., 1960) 
and are unlikely to play a major role in the pathogenesis of alcoholic fatty liver. 
Most accumulated triglyceride originates primarily from dietary sources so that high-
fat diets are associated with increased triglycerides on ethanol feeding (Lieber and 
Spritz, 1966). The liver also secretes decreased amount of VLDL, which would 
also tend to increase hepatic triglyceride levels (Venkatesan et al., 1988). 
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3.7.i Effect on lipoproteins 
Although the evidence for the effect of alcohol on lipoproteins are plagued with 
diet composition, studies using controlled nutrient intake showed markedly different 
alternations in plasma lipoproteins (Hojnacki et al., 1991). 
Alcohol consumption affects a number of steps in plasma lipoprotein metabolism. 
K serves as a substrate for lipoprotein triglyceride synthesis and alters the synthesis 
of apolipoproteins. The plasma triglyceride concentration is positively correlated to 
alcohol consumption (Frohlich, 1996). Besides, the activities of the key enzymes of 
lipoprotein metabolism, namely lipoprotein lipase and hepatic lipase, were affected 
by alcohol. Studies showed that after 2 days of ethanol drinking, the lipoprotein 
lipase activity was increased in human (Taskinen et al., 1984) but with a decrease in 
hepatic lipase activity (Hartnung et al., 1990). Adipose tissue and muscle produce 
most lipoprotein lipase and utilize liberated fatty acids either for storage or as a 
source of energy. Alternations in the activity of lipoprotein lipase have a major 
effect on the clearance ofchylomicrons and hence on the postprandial level of serum 
triglyceride. 
Apart from the plasma lipoproteins, alcoholic fatty liver and hyperlipidemia are 
results of the interaction of ethanol and its oxidation products with hepatic lipid 
metabolism. Hypertriglyceridaemia in liver is usually found in alcoholics. The 
5 
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reason for the accumulation of triglyceride in liver has been proposed by Eaton et al. 
(1997). The shift in cytosolic P^AD+]/p^ADH] ratio to reduction by alcohol causes 
a direct inhibition on p-oxidation and therefore, enhances triglyceride formation. 
However, the effect of alcohol on l ipid metabolism depends on the amount 
consumed, pattem ofdr inking and numerous genetic and environmental determinants 
such as body composition and fitness. Therefore, the exact mechanism for the 
impact ofalcohol on lipoproteins is still unknown. 
3.1.4 Hepatotoxicity 
Because of its intrinsic toxicity, alcohol can injure the liver even in the absence 
of dietary deficiencies (Lieber, 1992). Fatty liver, the first manifestation of 
alcoholic liver disease, can begin to develop within days after heavy drinking and is 
followed by early fibrosis which in tum can be associated with alcoholic hepatitis, 
i 
leading to the irreversible damage caused by severe fibrosis and subsequently, to 
cirrhosis. Elevated levels of plasma alanine transaminase (ALT) and aspartate 
j -i 
j transaminase (AST) enzyme activities are often found in alcoholics due to the 
hepatic injury. Since AST and ALT are present in high concentration in liver cell, 
the damage to the liver cell wi l l increase the plasma transaminase activities. 
Therefore, a rise ofplasma transaminase activities is a sensitive indicator of damage 
S 70 
to cytoplasmic and/or mitochondrial liver cell membrane. 
Significant increase of CYP2E1 is an adaptive change in alcoholism. However, 
the most important feature of cytochrome P450 is its extraordinary capacity to 
convert many foreign substances into highly toxic metabolites. Thus, alcoholics are 
most vulnerable to the toxic effects of foreign drugs. However, this hepatotoxic 
effect is diff icult to predict since it varies with the amount used, the relative affinity 
ofalcohol and other drug for the microsomal detoxification process. 
3,L5 Objectives 
Syrian golden hamsters preferentially consume ethanol solution rather than water 
when given a choice between these fluids (Arvola and Forsander, 1961). However, 
i 
i 
studies showed that there are no signs of organ disorder in hamsters (Harris et al, 
1978). Voluntary consumption of large amount of ethanol is unusual among 
laboratory animals. Although microsomal CYP2E1 was known to be induced by 
ethanol consumption and hence increase ethanol metabolism, chronic alcohol 
drinking may also alter other alcohol metabolizing enzymes. Therefore, in the 
present investigation, the effect of alcohol consumption on the activities of alcohol 
metabolizing enzymes was studied. 




consumption on liver and semm lipids concentration, and the activity o f the rate 
l imit ing enzyme of cholesterol synthesis, hydroxy-3-methylglutaryl coenzyme A 
(HMG-CoA) reductase, in order to examine the biochemical consequences ofethanol 
ingestion on lipoproteins. To ascertain whether or not the liver cell would be 
damaged by prolonged ethanol consumption, the activities of serum AST and ALT 
were measured. Besides, various xenobiotic enzyme activities including 
ethoxyresorufin 0-deethylase (EROD), pentoxyresorufin 0-dealkylase (PROD), 
benzyloxyresorufin 0-dealkylase (BROD) and glutathione S-transferase (GST) were 





3.2 Materials and Methods 
3.2.1 Materials 
Semm triglyceride commercial kit, serum total cholesterol commercial kit, 
semm A L T enzymatic kit, AST enzymatic kit, Tris, DTT, cytochrome C, glycerol, 
BF3，stigmastanol, SDS, bromophenol blue, p-mercaptoethanol, commercial 
tr imethylsi lyl (TMS) reagent, heptadecanoic acid, pentoxyresorufin, ethoxyresorufin, 
benzyloxyresorufin, 1,2-dichloro-4-nitrobenzene, glutathione, triheptadecanoin and 
L-phosphatidylcholine diheptadecanolyl were obtained from Sigma. Thin-layer 
chromatography plate was from Macherey-Nagel, Duren. Chloroform, methanol, 
cyclohexane, toluene, hexane, diethyl ether and acetic acid were obtained from 
British Drug House. D L - [ 3 - " c ] H M G CoA (56.98 Ci/mol) and RS-[5-
3H]mevalonolactone (24.0 Ci/mmol) were obtained from N E N Life Science. Min i -
Protean set I I apparatus, A G l - X 8 resin and columns were from Bio-Rad. 
Cytochrome P450IIE1 ECL Western blotting kit and cytochrome P4501A2 ECL 
Western blotting kit were obtained from Amersham. Hewlett-Packard 5890 series 
I I gas-liquid chromatograph equipped with a flame-ionization detector (Pale Alto, 
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3.2.2 Animal treatment 
Male and female hamsters wi th matched age (8 weeks) were housed in the 
animal room on a 12h light/dark cycle (light:0600-1800) period in LASEC o f the 
Chinese University o f Hong Kong. On day 0，the animals were divided into two 
groups. Each group consisted of 10 male and 10 female hamsters. Five hamsters 
were housed in one cage. In the experimental group, ethanol was administered as a 
15% solution in tap water. In the control group, tap water was administered instead. 
Both groups had free access to food. These treatments continued for a 30-day 
period. On day 30, the animals were anaesthetized and tissue extract was prepared 
for the measurement of various enzyme activities. 
3.2.3 Preparation of tissue extract 
(^) Preparation ofserum fraction for AST andALT assays 
Blood sample was obtained under anesthesia by cardiac puncture with 25-ga 
needle. The blood sample then centrifuged at 3,000g for 5 min at 4°C and the 
supernatant obtained was centrifuged again at 3,000g for 5 min at 4°C. The serum 
(supernatant) obtained was used for the measurements of AST and ALT enzyme 
activities (Section 3.2.4). 
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(B) Preparation ofcytosolicfractionfor GST assay 
The tissue extract was prepared as described for the assay o f ADH, A L D H and 
catalase in Section 2.2.3 (A). 
(Q Preparation ofcrude microsomal fractionfor HMG-CoA reductase 
The tissue extract was prepared as described for the assay of MROD and 
CYP2E1 in Section 2.2.3 (B). 
(D) Preparation oftissue for hepatic lipid determination 
The liver was immediately excised after the animals were anaesthetized. The 
liver then was frozen by liquid nitrogen and stored at -70。C before use for the 
i 
I 
hepatic lipid determination (Section 3.2.6). 
(E) Preparation offractions for other enzyme assays 
The tissue extract was prepared as described in Section 2.2.3. 
3.2.4 Enzyme and protein assays 
(A) Hydroxy-3-methylghitaryl Coenzyme A reductase activity 
The activity of liver HMG-CoA reductase was measured as described by 
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Shapiro et al (1969) and modified by Heller and Strewsbury (1976). In brief, 15^1 
of the microsomal solution (total 0.5mg protein) was added to 170^1 of the 
incubation solution (^)H7.2) containing 0.4 unit of glucose-6-phosphate 
dehydrogenase, O. lmM NADP+，3.2mM DTT, 9.4mM glucose-6-phosphate, 0.8M 
sucrose, 40mM potassium chloride, 35mM EDTA, 30mM potassium phosphate, and 
22mM sodium chloride and incubated in a water bath at 37。C for 15 min. The 
reaction was initiated by adding 15|il ofDL-[3-^ 'C]HMG-CoA (30nmole; 6.0Ci/mol). 
The reaction was stopped by adding 25^il of 5N hydrochloric acid solution followed 
by the addition of 15^il of RS-[5-3H]mevalonolactone (0.1|uCi) as an internal 
i 
standard. The mixture was incubated at 37°C for 30 min. After centrifugation, the 
supernatant was applied onto a AG l -X8 formate column (1.5 ml) and the labelled 
mevalonic acid formed was eluted with water. The scintillation fluid was then 
added to the eluent for subsequent radioactivity counting. 
I 
(B) Alanine aminotransferase and aspartate aminotransferase 
Serum AST and ALT enzyme activities were determined by using the 






(Q NADPH-cytochrome P450 reductase 
NADPH-cytochrome P450 reductase activity was measured 
spectrophotometrically by following the absorbance increase at 550nm at 25°C. 
Cytochrome P450 reductase activity was determined in a reaction mixture consisting 
of O. lmM NADPH, 0.3M potassium phosphate, pH 7.7, containing 0.05mM of 
cytochrome C as substrate. The cytochrome P450 reductase activity was calculated 
based on an extinction coefficient of 20,000M]cm-i for cytochrome C reduction at 
550nm. 
(D) Alkoxyresorufin 0-dealkylase 
Microsomal alkoxyresomfin 0-dealkylase (AROD) activities were measured as 
described in the MROD assay in Section 2.2.4 with the use of different fluorigenic 
cytochrome P450 substrates. 
(E) Glutathione S-transferase 
GST activity was measured spectrophotometrically by following the absorbance 
increase at 345nm at 25°C. GST activity was determined in a reaction mixture 
consisting of 5mM glutathione, O.lM potassium phosphate at pH 8.5, containing 
l m M 1,2-dichloro-4-nitrobenzene as substrate. The GST activity was calculated 
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based on an extinction coefficient of 8,500M]cm]. A complete assay mixture 
without enzyme was used as a control. 
(F) Other assays 
ADH, ALDH, catalase and CYP2E1 activities were assayed as described in 
Section 2.2.4. 
3.2.5 Sodium dodecyl sulfate polyacrylamide gel electrophoresis and western 
blotting 
Electrophoresis was performed according to the procedure o f Laemmli 








i sample loading buffer (10% glycerol, 0.4% SDS, 0.05% bromophenol blue and 
i i 
20mM EDTA in 0.5M Tris-Cl, pH7.5) followed by the addition of p_ 
] 
mercaptoethanol (5%v/v). The samples were boiled in a water bath for 10 min. 
Electrophoresis was performed at a constant current of 15mA at room temperature. 
After the tracking dye, bromophenol blue, reached the bottom of the gel, 
‘ 
electrophoresis was stopped. 
The protein was then transferred to nitrocellulose for cytochrome P450 isoforms 
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measurement by Amersham's ECL cytochrome western blotting kit. Following 
blotting, the membrane was treated wi th a blocking reagent to prevent non-specific 
binding o f the immunodetection reagents. The anti-rat antibody raised in rabbit was 
added for detection by an anti-rabbit Ig-biotinylated species-specific antibody and 
streptavidin-horseradish peroxidase. The f i lm developed from the membrane was 
used for estimating o f the amount ofcytochrome P450. 
3.2.6 Lipid determination 
(A) Determination of serum lipid 
Serum triglyceride and total cholesterol were determined wi th the use of 
commercial kits. 
(B) Determination of liver cholesterol 
Three hundred mg of liver and l m g of stigmastanol (internal standard) were 
homogenized in 15ml of chloroform-methanol (2:1，v/v) followed by adding 3ml of 
saline. The bottom layer was removed and dried down under a gentle stream of 
nitrogen gas. After 1 hour of mild saponification with 6ml of l N sodium hydroxide 
in 90% ethanol at 90°C, 5ml of distilled water was added and cholesterol was 
extracted with 10ml of cyclohexane. After evaporation of cyclohexane, the 
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cholesterol was converted to its TMS-ether derivative by a commercial TMS reagent. 
After 45min at 60°C, the mixture was dried down under nitrogen. The TMS-ether 
derivative was dissolved in 600ml of hexane followed by centrifugation. The 
hexane phase was then transferred to a vial for gas-liquid chromatographic analysis. 
The TMS-ether derivative was analyzed in a fused silica capillary column 
(SAC™-5, 30m x 0.25mm, i.d.; Supelco, Inc., Bellefonte, PA) using a Shimadzu GC-
14 B gas-liquid chromatograph equipped with a flame ionization detector. The 
column temperature was programmed from 230 to 280。C at a rate of l°C/min. 
Helium was used as the carrier gas at a head pressure of l50kPa. 
(Q Determination of hepatic lipid 
Total l ipid was extracted from 300 mg of l iver by homogenizing in chloroform-
methanol (2:1, v/v). Heptadecanoic acid, triheptadecanoin and L-
phosphatidylcholine diheptadecanolyl were added as internal standard to quantify the 
contents of total free fatty acids, triglyceride and phospholipids, respectively. An 
aliquot of l ipid extract was applied to a thin-layer chromatography plate (20x20 cm, 
precoated with 250 ^m silica gel 60A) to separate different l ipid classes. A solvent 
system of hexane: diethyl ether: acetic acid (80:20:1, v/v/v) was used for 
development. The band containing triglyceride, free fatty acid and phospholipid 
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were scraped o f f the plate and the l ipid extracts were converted to methyl esters 
using a mixture of 14% BF3 in methanol and toluene (1:1，v/v) under nitrogen at 
90。C for 45 min. The fatty acid methyl esters were analyzed using a Hewlett-
Packard 5890 series I I gas-liquid chromatograph. 
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3,3 Results: 
又3.7 Effect ofethanol consumption on body weight and liver weight 
The mean body weight as well as liver weight of the hamsters were shown in 
Table 3.1. The body weight was stabilized and was almost constant in both male 
and female ethanol-treated hamsters during the 30 days drinking period. In control 
hamster, the body weight was 138.0 士 l l .Ogm in male and 149.2 土 13.6gm in female 
after four weeks treatment. The body weight of the ethanol-treated hamsters was 
the same as that of the control for both male and female hamsters. In contrast, a 
larger increase of 14.8% in liver weight was observed in the ethanol-treated female 
hamsters (p<0.005) but this observation was not found in the ethanol-treated males. 
^J.2 Effect ofethanol consumption on alcohol metabolizing enzymes 
Various hepatic alcohol metabolizing enzyme activities of male and female 
hamsters were determined after chronic alcohol consumption. The results were 
shown in Tables 3.2 and 3.3 respectively. For ethanol oxidation, treatment with 
alcohol reduced the A D H activity in both males (13.7%) and females (19.1%). 
Although the catalase activity was induced up to 22.2% in male and 26.1% in female 
hamsters, the differences were not statistically significant. 
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Table 3.1 Effects of treatment with 15% of ethanol on the body weight and liver 
weight in hamster. 
Body weight (gm) Liver weight (gm) 
Male 
Control 1 3 8 . 0士 1 1 . 0 5 . 8 6 ± 0 . 5 5 
Experimental 1 3 8 . 8 ± 9 . 5 5 . 6 2 ± 0 . 2 7 
Female 
Control 1 4 9 . 2土 1 3 . 6 5 . 2 8 ± 0 . 3 6 
Experimental 1 4 8 . 4士 9 . 0 6 . 0 6 ± 0 . 4 7 ^ 
Al l values are expressed as mean 土 SE of 10 hamsters. Eight weeks old hamsters 
were given either 15% ethanol or water as the sole drinking fluid for 30 days. Their 
body weight and liver weight were recorded after the experimental period. 
T<0.005, significantly different from the control. 








’ alcohol metabolizing enzymes of male adult hamster. 
Activity 
Unit Control Experimental 
ADH nmole/min/mg 58.5±1.7 50.5±5.3' 
Catalase jumole/min/mg 4 4 1 土 7 9 5 3 9 + 5 4 
CYP2E1 nmole/min/mg 3.5410.31 5.01±0.85^ 
MROD pmole/min/mg 336±99 88.7 ±46® 
ALDH nmole/min/mg 3 8 . 4士 2 . 9 28.4+4.0^ 
Enzyme activities were determined as described in Materials and methods. A l l 
values are expressed as mean 土 SE of 10 hamsters. Eight weeks old hamsters were 
given either 15% ethanol or water as the sole drinking fluid for 30 days. 
T<0.005, significantly different from the control. 
Statistical analysis was performed by Student's t-test. 
•;.);; 
8 4 
Table 3.3 Effect of treatment with 15% of ethanol on the activities of hepatic 
alcohol metabolizing enzymes of female adult hamster. 
Activity 
Unit Control Experimental 
ADH nmole/min/mg 49.3±9.1 39.9±4.3^ 
Catalase jumole/min/mg 410±85.8 5 1 7 ± 8 7 . 9 
CYP2E1 nmole/min/mg 3.23±0.944 6.07±1.06a 
MROD pmole/min/mg 1 3 2土 3 3 . 6 20.9 ±8.7' 
ALDH nmole/min/mg 29.3±5.2 2 3 . 7 1 2 . 6 ' 
Enzyme activities were determined as described in Materials and methods. A l l 
values are expressed as mean 土 SE of 10 hamsters. 8 weeks old hamsters were 
given either 15% ethanol or water as the sole drinking fluid for 30 days. 
ap<0.005, significantly different from the control. 
Statistical analysis was performed by Student's t-test. 
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Consistent with previous report, the activity of CYP2E1 was induced in both 
males and females after alcohol consumption. In males, CYP2E1 activity was 
increased by 41.5% whereas in females, the increase was 87.9%. Western blot 
analysis was also done to confirm the induction of the microsomal P450 enzyme. 
Microsomal proteins were subject to SDS-PAGE followed by immunoblotting 
analysis in which rabbit anti-human P450IIE1 IgG was used to probe for 
immunorelated proteins in the ECL kit. For both male and female hamsters, a 
single immunoreactive band was observed with control microsomes (Fig. 3.1, lanes 2 
and 4). The intensity of this band was markedly increased in ethanol-treated 
hamsters in both genders (Fig 3.1, lanes 3 and 5). 
Apart from CYP2E1, CYPlA2 activity in the microsomes of control and 
experimental animals were also investigated using MROD activity assay and 
immunoblotting. In contrast to CYP2E1, the ethanol-treated hamsters had a large 
reduction in enzyme activity in both males (73.6%) and females (84.2%). Similarly, 
when probed with rabbit anti-human P450IA2 IgG, the single immunoreactive band 
observed in the ethanol-treated hamsters (Fig. 3.2, lanes 3 and 5) had a lower 
intensity than the control hamsters (Fig. 3.2, lanes 2 and 4). 
For acetaldehyde oxidation, alcohol consumption caused a significant decrease 
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Fig. 3.1 Immunoblots of microsomal P450 in tissues from control and ethanol-
treated hamsters using monoclonal antibody to CYP2E1. Eight weeks old hamsters 
i were given either 15% ethanol or water as the sole drinking fluid for 30 days. Lane 
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' 1: molecular markers; lane 2 and lane 3: microsomal protein from control male and 
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I 」 ethanol-treated male hamsters respectively; lane 4 and lane 5: microsomal protein 
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Fig. 3.2 Immunoblots of microsomal P450 in tissues from control and ethanol-
treated hamsters using monoclonal antibody to CYP1 A2. Eight weeks old hamsters 
were given either 15% ethanol or water as the sole drinking fluid for 30 days. Lane 
1: molecular markers; lane 2 and lane 3: microsomal protein from control male and 
ethanol-treated male hamsters respectively; lane 4 and lane 5: microsomal protein 
from control female and ethanol-treated female hamsters respectively; lane 6: 
CYP lA2 positive control. 
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activity in males and 19.1% in females. 
3.J.3 Effect of ethanol consumption on alanine transaminase and aspartate 
transaminase level 
Chronic ingestion of ethanol did not increase the serum ALT (Table 3.4) 
enzyme activity. Although alcohol consumption increased the serum AST activity 
slightly, the difference was not significant. 
3.3.4 Effect ofethanol consumption on microsomal P450 isozymes 
In hamster microsomes, ethanol-treated hamsters showed lower P450 isozymes 
activities as shown in Tables 3.5 and 3.6. 
EROD. Treatment with ethanol reduced the enzyme activity of EROD in both male 
(54.P/o) and female (75.2%) hamsters. Moreover, a gender difference was also 
found in the control hamsters. The male hamsters had 40.9% higher activity than 
the females (P<0.005). 
PROD. Similar to that on EROD, alcohol treatment reduced 67.5% and 62.9% of 
PROD activity in males and females respectively. However, no gender difference 
was observed between the control groups. 
BROD. Ethanol consumption also decreased the activity of BROD by 56.7% in 
8 9 
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Table 3.4 Effects of treatment with 15% of ethanol on the activities of serum 
ALT and AST in hamster. 
Activity (jumole/min/L) 
A ^ A u r 
Male 
Control 1 8 . 2 + 4 . 4 3 6 . 3土 6 . 8 
Experimental 2 1 . 2 ± 3 . 3 3 5 . 3士 9 . 2 
Female 
Control 22A±22 4 0 . 8 ± 5 . 8 
Experimental 2 6 . 2 ± 5 . 7 3 5 . 5 ± 4 . 7 
Enzyme activities were determined as described in Materials and methods. A l l 
values are expressed as mean 土 SE of 10 hamsters. Eight weeks old hamsters were 
given either 15% ethanol or water as the sole drinking fluid for 30 days. 
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Table 3.5 Effect o f treatment wi th 15% of ethanol on the activities o f various 
xenobiotic enzymes of male hamster. 
Act iv i ty 
^ ^ Control Experimental 
EROD pmole/min/mg 118+16 55+20® 
PROD pmole/min/mg 51±16 16±12a 
BROD pmole/min/mg 240±46 104+29® 
NADPH-cytochrome 
P450 reductase jumole/min/mg 0.55土0.03 0.47±0.04 
GST jLimole/min/mg 5.19±0.78 3.23±0.58a 
Enzyme activities were determined as described in Materials and methods. A l l 
values are expressed as mean 士 SE of 10 hamsters. Eight weeks old hamsters were 
given either 15% ethanol or water as the sole drinking f luid for 30 days. 
T<0.005, significantly different from the control. 
Statistical analysis was performed by Student's t-test. 
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Table 3.6 Effect of treatment with 15% of ethanol on the activities of various 
xenobiotic enzymes of female hamster. 
Activi ty 
Unit Control Experimental 
EROD pmole/min/mg 70±29 31±7a 
PROD pmole/min/mg 50±20 18±10a 
BROD pmole/min/mg 414±78 277164® 
NADPH-cytochrome 
P450 reductase jnmole/min/mg 0.42±0.06 0.36±0.05 
GST jumole/min/mg 5.05±0.63 3.46±0.64a 
Enzyme activities were determined as described in Materials and methods. A l l 
values are expressed as mean 土 SE of 10 hamsters. Eight weeks old hamsters were 
given either 15% ethanol or water as the sole drinking fluid for 30 days. 
T<0.005, significantly different from the control. 




males and 32.7% in females. Gender difference was observed between the control 
groups. In contrast to the observation in EROD, males have 71.4% lower activity 
when compared wi th the female hamsters (P<0.005). 
NADPH-cytochrome P450 reductase. Ethanol seems to have no effect on the 
activity of NADPH-cytochrome P450 reductase. A lower activity was found in 
females, however, the data showed no statistical significance. 
GST, The ethanol-treated hamsters had a decrease in enzyme activity. The GST 
activity was reduced by 37.8% and31.5% in male and female hamsters respectively. 
^J.5 Effect ofethanol consumption on liver and serum lipids 
Chronic ingestion of ethanol produced some alterations in the l ipid content o f 
both serum and liver tissue as summarized in Tables 3.7 and 3.8. 
To investigate whether there are any beneficial or adverse effect o f chronic 
alcohol consumption to the serum lipoprotein, the concentrations of semm 
triglyceride and cholesterol were determined by using the commercial enzymatic kits. 
Different observation was found in different gender. For semm triglyceride，a 
reduction in concentration (39.1%) was observed in females only whereas a slight 
reduction (18.5%) of cholesterol was observed in males only. 
The concentration of the various hepatic lipids was also investigated by using 
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Table 3.7 Effect of treatment with 15% of ethanol on the concentration o f semm 
and hepatic lipoproteins in male hamsters. 
] ^ Control Experimental 
Serum 
Cholesterol mg/ml 1 0 9士 6 8 9 ± 5 ® 
Triglyceride mg/ml 1 3 9 ± 2 0 1 4 1 ± 3 3 
Hepatic 
Cholesterol mg/gm 3.80+0.70 2.6710.28" 
Triglyceride mg/gm 1 . 9 6士 0 . 1 8 3.19i0.63a 
Phospholipid mg/gm 25.08±0.95 25.72±1.26 
Freefatty acids mg/gm 2.02±0.28 2.47i0.4ia 
Lipid concentrations were determined as described in Materials and methods. A l l 
values are expressed as mean 土 SE of 10 hamsters. Eight weeks old hamsters were 
given either 15% ethanol or water as the sole drinking fluid for 30 days. 
T<0.005, significantly different from the control. 
Statistical analysis was performed by Student's t-test. 
9 4 
i 
Table 3.8 Effect of treatment with 15% of ethanol on the concentration of serum 
and hepatic lipoproteins in female hamsters. 
] ^ Control Experimental 
Serum 
Cholesterol mg/ml 99+8 9 3 + 5 
Triglyceride mg/ml 171+42 104±2” 
Hepatic 
Cholesterol mg/gm 2.53±0.25 2.51+0.30 
Triglyceride mg/gm 1 . 4 1 1 0 . 3 4 1.77±0.24' 
Phospholipid mg/gm 23.34i2.44 23.02±3.09 
Freefatty acids mg/gm 1 . 7 3 ± 0 . 2 2 2.12i0.24' 
Lipid concentrations were determined as described in Materials and methods. A l l 
values are expressed as mean 土 SE of 10 hamsters. Eight weeks old hamsters were 
given either 15% ethanol or water as the sole drinking fluid for 30 days. 
ap<0.005, significantly different from the control. 
Statistical analysis was performed by Student's t-test. 
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gas-liquid chromatography. After alcohol consumption, the concentration of 
phospholipid did not show any obvious change, however, the hepatic triglyceride 
concentration was significantly increased in both male (63.0%) and female (25.1%) 
hamsters. Moreover, it was found that the control males had 27.9% higher hepatic 
triglyceride concentration than the control females. Similar to the result observed in 
hepatic triglyceride concentration, the concentration of hepatic free fatty acid was 
also increased (22%) in the ethanol-treated hamsters in both genders when compared 
with the control groups. In contrast, significant difference o f cholesterol 
concentration was only observed in the male hamsters. Chronic alcohol 
consumption reduced 29.7% of the hepatic cholesterol level in the ethanol-treated 
male hamsters but no effect was observed in the females. 
J.J. 6 Effect ofethanol consumption on hydroxy-3-methylglutaryl Coenzyme A 
reductase 
Treatment with ethanol appeared to increase slightly the activity o fHMG-CoA 
reductase in both male and female hamsters (Table 3.8). However, in both cases, 
the difference was not statistically significant. 
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Table 3.8 Effect of treatment with 15% of ethanol on the activity of HMG-CoA 
reductase in hamsters. 
Activity {pmole/min/mg) 
Control Experimental 
Male 5.28i l .68 6.20±2.14 
Female 4.78±2.94 5.05±3.12 
Enzyme activity was determined as described in Materials and methods. A l l 
values are expressed as mean 士 SE of 10 hamsters. Eight weeks old hamsters were 
given either 15% ethanol or water as the sole drinking fluid for 30 days. 
9 7 
3,4 Discussion 
Numerous animal studies have been performed to investigate the possible 
mechanisms for the production of tolerance and dependence to alcohol. Generally, 
to assess the genetic influence on the development o f tolerance, investigations in 
inbred strains and selected lines of mice and rats were carried out. Among the 
common laboratory rodents, Syrian golden hamster is exceptional for alcohol 
research in that this species prefers and consumes large quantities of alcohol under 
free-choice situation (Arvola and Forsander, 1961) without exhibiting the symptoms 
or signs of ethanol withdrawal or organ disorder (Fitts and St. Dennis, 1981). 
However, almost all the alcohol toxicity test in hamsters involved only the males. 
In humans, women were found to develop hepatic injury more rapidly than men 
when consuming fewer gram of alcohol (Ashely et al., 1977). Therefore, in the 
present study, the effect of prolonged alcohol consumption was investigated in both 
genders of hamster. 
In the present investigation, ethanol consumption did not cause the liver cell 
damage. This is consistent with previous reports in hamsters. After 7 months of 
ethanol exposure, no signs of l iver damage or fat accumulation was observed in male 
hamster by using microscopic examination (McMillan et al., 1976). Although no 
cell damage was observed in the hamster's liver, an increase of liver weight was 
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found in the ethanol-treated female hamsters. The enlargement o f the liver 
(hepatomegaly) is a characteristic feature of liver injury in the alcoholic. Such 
structural change may be due to the accumulation o f fat, protein and water in early 
alcoholic liver disease or the fibrotic compartmentation found in cirrhosis, decrease 
blood flow through the liver (Hayashi et al, 1985). The increase in liver weight is 
usually associated with the accumulation of hepatic triglyceride on ethanol feeding 
(Lieber and Spritz, 1966). The presence o f large amount o f triglyceride in liver 
would alter the lipoprotein secretion from liver such that triglyceride-rich 
lipoproteins are secreted into plasma. Since excessive alcohol ingestion results in 
profound derangements of l ipid and lipoprotein metabolism, the concentration of 
hepatic lipids and serum lipoproteins would reflect the level of toxicity on hepatic 
function. 
The effect of ethanol on the concentration of hepatic and serum lipid show 
different pattem in different gender. A significant decrease of serum and hepatic 
cholesterol was observed in male hamsters. Such finding was opposite to the 
previous study of Harris et al (1978). After 53 days of exposure to ethanol, the 
plasma cholesterol was reduced but the hepatic lipid concentrations were not altered 
in the male hamsters. Nevertheless, the change of hepatic and serum cholesterol 
levels failed to show any toxic effect ofethanol in hamster. 
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The decrease in the serum and hepatic cholesterol concentration may actually 
has a beneficial effect for cardiovascular disease. During the past 40 years, 
investigators continue to demonstrate a strong connection between high 
concentration of serum cholesterol and coronary heart disease (CHD). 
Accumulation ofcholesterol in the arterial wall was found to be accompanied by the 
development of an atherosclerotic plaque and its sequelae (Brown and Goldstein, 
1986). Also, lowering of plasma cholesterol level by bile acid sequestrants was 
reported to reduce the frequency of several manifestations of CHD (Lipid Research 
Clinics Program, 1984). One of the possible mechanisms for the reduction of 
cholesterol level is a decrease of the activity of HMG-CoA reductase, a key enzyme 
for cholesterol synthesis. However, treatment with ethanol did not cause any effect 
on the activity of this enzyme. The decrease in cholesterol concentration in liver 
and serum may also be associated with another enzyme acylCoA cholesterol 
acyltransferase (ACAT). ACAT functions mainly to esterify cholesterol and store it 
as cholesteryl ester, thus it plays a key role in the intestinal absorption ofcholesterol 
(Heider et al, 1983; Largis et al, 1989). There is evidence that the majority of 
dietary cholesterol is esterified before it is assembled in chylomicron and secreted 
into the lymphatic system (Wrenn et al., 1995). Inhibition of intestinal 
esterification of cholesterol by ACAT has been shown to decrease cholesterol 
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absorption (Vahouny and Kritchevsky, 1981). However, the exact mechanism for 
the effect ofethanol on cholesterol need to be further investigated. 
Free fatty acid and triglyceride were also demonstrated to increase in both 
genders. However, in the male hamster, the hepatic triglyceride concentration was 
increased by 1.5 fold but the increase was much less in female hamster. After 
alcohol consumption, the serum triglyceride level showed no significant difference 
with the control in males. These results were also opposite to the finding by Harris 
et al. (1978) that the ethanol-treated male hamsters had an increased in plasma 
triglyceride level. In the females, a different pattern of serum lipid concentration 
was observed and a large reduction of serum triglyceride concentration was found. 
The concentration of these lipoproteins may be related to the enzyme, 
lipoprotein lipase. It was reported that after 2 days of drinking, the lipoprotein 
lipase activity was increased (Taskinen et al.’ 1984). The increase of removal 
efficiency of triglyceride levels from plasma may be one reason for the decreased 
levd of serum triglyceride in the female hamsters. However, the increase in 
concentration of hepatic triglyceride may lead to the secretion of triglyceride-rich 
lipoprotein. The observation that the semm triglyceride level in males showed no 
difference with the control may be due to this compensatory mechanism. Therefore, 
the different pattern of serum triglyceride concentration in different gender may be 
1 0 1 
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associated wi th different hepatic triglyceride level. 
Since the concentration of hepatic triglyceride was not increased by ethanol in 
female hamsters, the increase in liver weight may be related to the accumulation of 
acetaldehyde adducts. In the present investigation, alcohol treatment altered 
various alcohol metabolizing enzymes' activities. Chronic alcohol consumption 
reduced the ADH-mediated ethanol metabolism and acetaldehyde oxidation but the 
MEOS was significantly increased as a result of the induction o f the microsomal 
protein content, in contrast, a reduction was observed in CYPlA2 . 
Apart from the increase in the level of CYP2E1, the A L D H activity was 
decreased by alcohol consumption. A gender difference was found in the A L D H 
activity (Section 2.3)，treatment with ethanol did not alter this difference. The 
A L D H activity in the ethanol-treated females was still 16.5% lower than that of the 
males. The decreased ability to oxidize acetaldehyde may lead to some toxic 
effects. Moreover, the fold of induction of the level of CYP2E1 in female was 
larger than that in male after alcohol consumption. As a result, with a faster ethanol 
oxidation due to a higher induction fold in CYP2E1 level and a lower acetaldehyde 
oxidation rate (lower A L D H activity in female), the level ofacetaldehyde generated 
in liver wi l l be much higher in the ethanol-treated females. Indeed, acetaldehyde 
binds covalently to liver microsomal proteins including CYP2E1 (Behrens et aL, 
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1987)，and other macromolecules (Lin et al., 1988) such as collagen (Baraona et al., 
1993). Acetaldehyde inhibits the secretion of proteins and water from the 
hepatocyte. Interference by acetaldehyde adducts causes accumulation o f proteins 
within the hepatocyte, with enlargement or ballooning of the cell and eventually 
leading to cell death. Therefore, the increase in liver weight in female hamsters 
may probably be due to the accumulation of acetaldehyde-adducts. 
It is well documented that the level of CYP2E1 could be elevated after chronic 
ethanol treatment in rats, rabbits, hamsters as well as humans (Kubota et al., 1988; 
Ueng et al., 1993). This inducible pathway of ethanol metabolism in liver 
, microsome may explain the metabolic tolerance to ethanol in the alcoholic hamsters 
i 
and the increase in ethanol preference ratio observed in this sUdy. However, earlier 
published clearance values indicated little difference in the clearance for individuals 
with different exposure (Bosron et aL, 1993). This result was confirmed in part by 
a recent report (Ueng et al., 1996) that a 400% increase in CYP2E1 in human give 
I only a 10-20% increase in ethanol removal in normal tissue. This evidence on the 




Apart from ethanol oxidation, CYP2E1 has also been shown to play a key role 




oxidation, the acetaldehyde produced causes alcoholic liver damage (Lieber, 1990). 
CYP2E1 has also been found to generate large amount o f reactive oxygen species, 
and the oxygen radicals have the capability to initiate membranous l ipid peroxidation 
(Ingelman-Sundberg et aL, 1993). These active species may also damage the cells. 
Moreover, cytochrome P450 enzymes play a central role in the metabolism o fmany 
xenobiotics, catalyzing both detoxification and bioactivation reactions. The 
increase ofmicrosomal CYP2E1 would enhance the vulnerability ofalcoholic to the 
hepatotoxicity o f many xenobiotics. In fact, increase in the level o f microsomal 
CYP2E1 may also be an adverse effect in chronic alcohol consumption. 
Besides, the present investigation showed that C Y P l A 2 was reduced 
significantly in activity and protein content following ethanol administration. 
However, since its contribution to ethanol metabolism in MEOS is relatively small, 
such reduction may only have a small effect on ethanol metabolism. This change 
was inconsistent with previously reports for CYP lA2 that it is neither reduced nor 
induced by ethanol (Porter and Coon, 1991 ； Perrot et al., 1991). For instance, in the 
study of Robert et al. (1995)，ethanol showed no effect on the protein content of 
CYP lA2 in rats, but it showed an induction of CYP1A1 in protein content and 
activity. Although the effect of alcohol on CYPlA2 may not significantly affect 
ethanol metabolism, this effect may play an important role in xenobiotic metabolism. 
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To see whether treatment with ethanol showed any effect on other cytochrome 
P450 isoforms (Robert et a/ .，1995) , the activities o fEROD, PROD and BROD were 
studied. The results suggested that chronic alcohol administration reduced all these 
activities. According to Burke et al. (1994), ethoxyresorufin and pentoxyresomfin 
are the selective substrates for CYP1A1 and CYP2B1 whereas benzyloxyresorufin 
metabolism was due mainly to the CYP3A subfamily but may also involve CYP lA2 
and CYP2A6. Several investigators have attempted to examine the effect of alcohol 
on cytochrome P450s. Roberts et al (1995) demonstrated that EROD and PROD 
activities were increased significantly following ethanol administration in rats but 
Ueng et al (1993) suggested that CYP1A1 and CYP2E1 could be induced by ethanol 
but it suppressed the level of CYP2B related protein in hamster's liver. In another 
experiment performed by Johannson et al (1988), ethanol treatment increased the 
protdn and mRNA levels of CYP 2Bl /2 in rat liver. Different results were obtained 
by different investigators, nevertheless, the present study showed that various 
cytochrome P450 isoforms including CYP lA l /2 , CYP2B1 and probably CYP3A 
were suppressed by ethanol in hamster. 
P450s are NADPH-cytochrome P450 reductase dependent system. However, 
cytochrome P450 has been reported to exist in a large excess over the reductase, 
ranging from 10:1 to 25:1 depending on treatment with inducers (Peterson et aL, 
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1976; Estabrpok et al； 1971). Different P450 isozyme must compete for the 
available reductase molecule. The suppression ofvarious P450 isoforms' activities 
may be related to this reductase. However, no change o f the reductase activity was 
observed after ethanol administration. Therefore, the suppression ofthese enzymes 
by ethanol must be related to the expression of the protein or the interaction o f 
ethanol wi th P450s itself. A possible explanation may be the adaptive change of 
cytochrome P450. Consider the limited amount of NADPH-cytochrome P450 
reductase, the suppression effect of ethanol on other cytochrome P450 isozymes may 
reduce the competition for reductase and thus increase the ability of CYP2E1 for 
ethanol oxidation. 
The significance of the effects on cytochrome P450s is its effects on the 
toxicological and carcinogenic effects of xenobiotics. Cytochrome P450s are 
known to be the phase I enzyme for xenobiotic metabolism. To ascertain the effect 
of ethanol on xenobiotic metabolism, one of the phase I I enzymes, GST, was also 
investigated. Chronic alcohol consumption was demonstrated to reduce the activity 
of GST in hamster. However, alcohol has been shown to cause no effect on GST 
activity in the study of Rouach et al (1997). Wistar male rats were intragastrically 
and continuously infused for 4 weeks with a high-fat diet plus an ethanol solution in 
order to maintain a high blood alcohol level. The glutathione concentration was 
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significantly decreased but the activity o f GST was unaffected. As GST are thought 
to initiate the detoxification o f potential alkylating agent including the product 
produced by cytochrome P450s, the reduction o f GST activity by ethanol in this 
study may have a toxic effect towards xenobiotics in hamster. 
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4.1 Introduction 
4*L1 Alcoholism 
Alcohol plays an important role in human societies. When consumed in 
moderate amount, it acts as a social lubricant, stimulating conversation and convivial 
I behaviour. However, alcohol is also the major drug o f abuse in many countries, and 
i 
alcoholism is quite common in many parts of the world. Excessive alcohol drinking 
is detrimental to health. Excessive ethanol intake may or may not necessarily lead 
to medical or neurologic illnesses that require medical treatment. It may also 
I 
|j . 
jl interfere normal marital, social and economic life. Although in 1948，the A L D H 
h � ： 
'< 
I inhibitor, disulfiram (Antabuse) became the first dmg ever approved for the 
1 therapeutic treatment of alcohol abuse in the United States, its broad and deleterious 
I , 
t 
action and lack of specificity seem to be responsible for the substantial toxicity that 
I 
accompanies and limits its therapeutic use. Disulfiram primarily inhibits ALDH- I 
by covalently modifying its sulfhydryl groups (Banys, 1988). It is nonspecific and 
I 
! . 
丨 also covalently modifies the catalytically essential sulfhydryl groups o f many other 
i. 
physiologically important enzymes, thereby irreversibly inactivating enzymes that 
are crucial to neurotransmitter metabolism (dopamine P-hydroxylase), drug 
metabolism and detoxification (microsomal mixed-function oxidases), and multiple 
pathways of intermediary metabolism (glyceraldehyde-3-phosphate dehydrogenase, [ i 
1 1 0 
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hexokinase) (Banys, 1988). Thus, agents that abolish or significantly suppress the 
uncontrollable desire to drink ethanol without producing undesirable side effects 
would seem to be the preferable means to treat alcoholism. Recognition o f suitable 
pharmacological agents and their development into effective therapeutic drugs for 
this disease has been one of the major objectives of alcohol research. However, the 
lack ofbiochemical basis for alcohol abuse has rendered a solely rational approach to 
[； the discovery of such agents very difficult i f not impossible. 
！ 4,L2 Green Tea 
'i 
Some naturally occurring plant phenols have been found to suppress ethanol 
intake. One example is the extract of Radix puerariae which is a herb long used in 
traditional Chinese medicine for the management of alcohol abuse. Keung and 
Vallee (1993a) found that daidzin and daidzein are the active principles in the extract 
that can account for the antidipsotropic activity of Radix puerariae. Daidzin and 
f f 
f ’ 
daidzein are isoflavones, a group of natural products found mostly in leguminous 
\ plants (Harbrone, 1986). Flavonoids are polyphenolic compounds with a basic 
！ 
Chemical structure of two aromatic rings joined by a three-carbon aliphatic chain. 
Green tea is one ofthe major sources ofthese natural flavonoids. In China and Asia, 
green tea has been used as a medicine for more than 4000 years. Its major 
111 
i i I :i I s 
'1 
I 
pharmacological effects are believed to be antipyretic and diuretic. In addition, 
I green tea extract is claimed to be effective for the improvement o f the discomfort 
1 
feeling from excessive alcohol ingestion. In a recent study, Kakuda et al (1996) 
found that green tea could promote alcohol metabolism and has a detoxification 
I effect after excessive ethanol ingestion. 
� � K a beverages are prepared from the leaves o f the plant species Camellis 
• I 
, . i 
.1 




I flavanols，flavandiols, flavonoids, and phenolic acids (Hertog et al，1993). Among 
I these, flavan-3-ols are quantitatively the major one (Table 4.1). Flavan-3-ols 
1 belong to a group of phenolics called flavonoid, which has the basic skeleton of 
diphenylpropanes (C6+C3+C6) with different oxidation level o f the central pyran 
ring (Shahidi and Naczk, 1995). Flavan-3-ols, commonly known as catechins, have 
： two asymmetric centers at C-2 and C-3 positions and therefore two configurations 
are possible (Graham, 1992). Most o f the catechins present in tea, however, are in 
the so-called “epi-” form. Structures of the major tea catechins are shown in Fig. 
4.1. When hydroxy groups are present on the "B" ring of epicatechin (EC), the 
compound is known as epigallocatechin (EGC). Esterification of the OH group on 
the pyran ring of EC and EGC with a gallic acid forms two more isomers namely 
epicatechin gallate (ECG) and epigallocatechin gallate (EGCG). 
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The primary goal in green tea manufacture is the preservation of the leaf 
catechins. The steps involve rapid steaming or pan fir ing o f freshly harvested 
leaves to inactivate polyphenol oxidase, preventing fermentation, followed by roll ing 
and air drying at high temperature (Hara et aL, 1995). As a result, the catechins 
content is the highest among the tea beverages (Table 4.1). 
4.1.3 Objectives 
There has been little research on the antidipsotropic potential o f green tea 
polyphenols (GTP). In this study, the aqueous green tea extract from jasmine tea 
leave was used to examine its effect on the alcohol metabolizing enzymes. 
The activities of various gastric and hepatic alcohol metabolizing enzymes of 
hamsters was determined after the hamsters were given green tea extracts for 30 days. 
The in vitro effect of GTP on alcohol metabolizing enzymes was also be examined to 
ascertain whether it has any effect. In addition, the interaction of the various (-)-
catechins with the microsomal enzyme activities was investigated. 
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Table 4.1 Component of the crude green tea extract 
(Adopted from Kakuda et al., 1996) 
Component Content (% w/w of extract) 
Catechins 
(-)-Epigallocatechin 16.61 
(-)-Epigallocatechin gallate 13.72 
(-)-Epicatechin 3 4 0 
(-)-Epicatechin gallate 2.19 
Caffeine 9 93 
Amino acids 
( j 
L-Aspartic acid 0 26 
L-Glutamic acid o . 3 0 
L-Asparagine o . 0 5 
L-Serine 0.08 
L-Glutamine o . l l 
L-Arginine Q.l l 
L-Alanine 0.04 
L-Methionine 0 04 
L-Theanine 0.97 
y-Amino butyric acid 0.05 
Others 52.14 
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4*2 Materials and methods 
4.2.1 Materials 
(-)-EC，(-)-EGCG, (-)-EGC, (-)-ECG, caffeine and NADPH-cytochrome P450 
reductase were obtained from Sigma. Jasmine tea leaves were purchased from a 
local market in Hong Kong. The other materials were obtained as described in 
Sections 2.2.1 and3.2.1. 
4.2.2 Animal Treatment 
Cmde green tea extract was freshly prepared everyday by soaking 15g dried 
jasmine tea leave twice wi th 500 ml o f hot distilled water (80°C). The extracts 
were combined and cooled down to room temperature. 
Male and female hamsters with matched age (8 weeks) were housed in the 
animal room on a 12h light/dark cycle (light:0600-1800) period in LASEC of the 
Chinese University o f Hong Kong. On day 0，the animals were divided into two 
groups. Each group consisted of 5 male and 5 female hamsters. Five hamsters were 
housed in one cage. In the experimental group, green tea extract was administered. 
In the control group, tap water was administered instead. Both groups had free 
access to food. These treatments continued for a 30-day period. On day 30，the 
animals were anaesthetized and the tissue extract was prepared for the measurement 
o f the activity o f various enzymes. 
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4.2.3 Preparation of tissue extract 
The tissue extract were prepared as described in Sections 2.2.3 and 3.3.3. 
4丄4 Enzyme assays 
\ 
ADH, ALDH, catalase, CYP2E1, MROD, BROD, PROD, EROD and 
NADPH-cytochrome P450 reductase activities were assayed as described in Sections 
2.2.4and3.2.4. 
4丄5 Green tea polyphenols extraction 
The method described by Agarwal et al (1992) was modified and used to 
extract GTP from jasmine tea. In brief, 100g dried jasmine tea leave were soaked 
i twice with 1400 ml of hot distilled water (80°C). The extracts were combined and 
I s f 
cooled to room temperature, filtered and then extracted with an equal volume of 
chloroform to remove caffeine and pigments. The remaining aqueous layer was 
I extracted twice with equal volume of ethyl acetate. The organic phase was saved 
I and ethyl acetate was removed using a vacuum rotary evaporator. The resulting 
1 cmde extract was dissolved in a minimum volume of water and freeze-dried. The 
light-brown solid matter obtained was the GTP used for subsequent studies. 
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4丄 6 In vitro effect ofgreen tea polyphenols 
Different concentrations of GTP were added directly into the reaction mixtures 
ofvarious enzyme assays, including ADH, ALDH, CYP2E1, MROD, BROD, PROD 
and EROD to determine its in vitro effect on the enzymes' activities in a eight weeks 
old male hamster. 
4丄 1 In vitro effect ofcatechins on the methoxyresorufin 0-demethylase assay 
The activity of MROD was studied in the presence and absence of catechins, 
including EC, EGC, ECG and EGCG, in the range of 0.05^g/ml to 500^ig/ml using 
the assay conditions described previously (Section 2.2.4). 
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4.3 Results 
4*3.1 Effect ofgreen tea consumption on alcohol metabolizing enzymes 
The amount ofgreen tea consumed by a male hamster was about lOml/day while 
that for the female was 20ml/day. The activities o f various gastric and hepatic 
alcohol metabolizing enzymes were determined after the consumption of green tea 
extract for 30 days. Tables 4.2 and 4.3 summarized the results. None of the 




j 4*3.2 In vitro effect ofgreen tea polyphenols on alcohol metabolizing enzymes 
GTP was added into the incubation mixtures to examine its in vitro effects on 
various alcohol metabolizing enzymes. The enzymes examined include hepatic 
ADH, hepatic A L D H and microsomal MEOS. 
GTP was found to inhibit 35% of the hepatic A D H activity at the concentration 
of 50^g/ml in the male hamster (Fig. 4.2A). GTP also showed an inhibitory effect 
towards hepatic A L D H activity at high concentration as shown in Fig. 4.2B. At a 
GTP concentration of 500^g/ml, A L D H activity was found to be inhibited over 90%. 
With respect to MEOS, GTP showed a biphasic effect and an inhibitory effect to 
CYPlA2 (Fig. 4.2C) and CYP2E1 (Fig. 4.2D) respectively. A t a GTP 
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h b l e 4.2 Effect of treatment with green tea extract on the activities of hepatic 
alcohol metabolizing enzymes in male adult hamster. 
Activity 
Unit Control Experimental 
Stomach 
^ H nmole/min/mg 10.3±2.1 12.312.1 
Catalase jumole/min/mg 25.3±5.5 22.9±2.8 
^LDH nmole/min/mg 7.6±1.5 10.2+3.5 
Liver 
ADH nmole/min/mg 5 4 . 1土 8 . 5 5 8 . 6土 8 . 4 
Catalase jumole/min/mg 270i94 234±62 
CYP2E1 nmole/min/mg 3 . 3 4土 0 . 3 2 3 . 5 3土 0 . 1 7 
MROD pmole/min/mg 329±66 3 5 0 + 5 4 
ALDH nmole/min/mg 3 9 . 6土 8 . 7 3 8 . 2土 9 . 7 
Enzyme activities were determined as described in Materials and methods. A l l 
values are expressed as mean 土 SE of 5 hamsters. Eight weeks old hamsters were 
given green tea extract as the sole drinking fluid for 30 days. 
120 
Table 4.3 Effect o f treatment wi th green tea extract on the activities o f hepatic 
alcohol metabolizing enzymes in female adult hamster. 
Act iv i ty 
U ^ Control Experimental 
Stomach 
^DH nmole/min/mg 11.014.7 8.5±1.1 
Catalase jumole/min/mg 24.1土4.8 22.4±3.6 
ALDH nmole/min/mg 1 0 . 9 ± 4 . 7 11.3土6.0 
Liver 
ADH nmole/min/mg 40.2土8.4 50.1土9.2 
Catalase jumole/min/mg 194士35 266士108 
1 
CYP2E1 nmole/min/mg 3.59±0.48 4.16±0.44 
MROD pmole/min/mg 212±58 239土56 
ALDH nmole/min/mg 30.4±4.1 35.7士8.0 
Enzyme activities were determined as described in Materials and methods. A l l 
values are expressed as mean 士 SE of 5 hamsters. Eight weeks old hamsters were 
i given green tea extract as the sole drinking fluid for 30 days. 
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Fig. 4.2 In vitro effects of GTP on the activity of hepatic alcohol metabolizing 
enzymes including (A)ADH, (B)ALDH, (C)MROD and (D)CYP2E1. Enzyme 
activities were measured as described in Materials and methods. 
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of 5^ig/ml, the activity o f CYP lA2 was activated to three fold, however, at a higher 
GTP concentration o f 500^g/ml, it showed 34% inhibition. Opposite to the result 
to CYP lA2 , the activity of CYP2E1 was inhibited by GTR At a GTP concentration 
of 5[xg/ml CYP2E1 only showed 74% o f i t s activity when compared to the control 
and it was totally inhibited at the 500|ig/ml GTP. 
4J.J In vitro effect ofgreen tea polyphenols on other xenobiotic enzymes 
The effects o fGTP on other microsomal P450 isoforms were also determined to 
see whether the biphasic effect observed in CYP lA2 activity also exists. Similarly, 
GTP also showed a biphaic effect towards the activities o fPROD (Fig. 4.3A), BROD 
(Fig. 4.3B) and EROD (Fig. 4.3C) although the optimal concentration for activation 
was not identical. At 5^g/ml of GTP concentration, the activities of PROD, BROD 
and EROD showed an activation of 60.6%, 38.2% and 180.5% respectively. 
However, at high the concentration of500^g/ml ofGTP, the enzyme activities were 
all inhibited. For the NADPH-cytochrome P450 reductase, no biphasic effect was 
observed. It was almost completely inhibited by GTP at the concentration of above 
50^ig/ml (Fig. 4.3D). 
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Fig. 4.3 In vitro effects of GTP on the hamster liver microsomal activity of 
(A)PROD, (B)BROD, (C) EROD and (D) NADPH-cytochrome P450 reductase. 




4.3*4 In vitro effect of various green tea catechins on methoxyresorufin 0-
demethylase activity 
EC, EGC, EGCG and ECG are the major constituents of GTP. The addition of 
these four catechins to the incubation mixture resulted in different effect on the 
MROD activity as shown in Fig. 4.4. At a concentration of O.OlmM, all the four 
catechins increased the activity of MROD. However, with a higher GTP 
concentration, a decrease in the activation effect was observed for ECG, EGCG and 
ECG. In contrast, a higher EC concentration increased the activation in MROD 
activity. 
The kinetics of MROD activity was evaluated at various concentrations of the 
substrate methoxyresorufin (Table 4.4). The Km for MROD was 150nM and Vmax 
was 500pmol/min/mg protein. The effects of four catechins on the kinetics of 
MROD were different. Since the catechins were insoluble in water and have to be 
dissolved in ethanol, the effect of the corresponding ethanol concentration was 
studied for correction of the GTP effect in MROD activity. 
At O.OlmM, EGC，EGCG and ECG slightly increased the K m and caused a 
100。/。increase in Vmax for MROD. In contrast, EC increased the Vmax and Km 
value by less than 10% only at that concentration. However, at a higher 
concentration of 0.5mM, EC caused a 200% and 50% increase in Km and Vmax 
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Fig. 4.4 In vitro effect ofvarious green tea catechins on MROD activity in hamster 
liver microsomes. Enzyme activities were measured using 1.5^M of 
methoxyresomfin as described in Materials and methods. EC ( • ) , EGC (〇)， 
EGCG ( • ) and ECG (X). 
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Table 4.4 Effect of different concentrations of green tea catechins on the K m and 
Vmax values for the MROD activity in hamster. 
Vmax Vmax/Km 
K m (nM) Q^mol/min/mg) ^mol/minAngAiM) 
Control 150 500 3.3 
(A) O.OlmMcatechins 
0.001%ethanol 176 625 3 3 
EC 188 625 3.3 
EGC 300 1000 3.3 
EGCG 222 1111 5.0 
ECG 222 n n 5.0 
(B) 0.5 mMcatechins 
0.6% ethanol 142 714 5 0 
EC 142 1111 2.5 
j EGC 300 500 1.7 
I EGCG 838 270 0.3 
ECG 2450 500 0.2 
I Enzyme activities were determined using methoxyresomfin of concentration ranging 
I from 0.094^iM to 1.5juM as described in Materials and methods. 
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respectively whereas EGCG increased the K m by 590% and reduced the Vmax by 
62%. For EGC and ECG, both of them reduced the Vmax by 30% but ECG caused 
a much larger (1600%) increase in the K m value compared wi th that o fEGC (100%). 
I 
[i 
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4.4 Discussion 
Tea is one of the most popular beverages consumed worldwide. It has been 
demonstrated by Kakuda et al (1996) that both EGCG and caffeine, the principal 
components of green tea extract, had an effect on ethanol metabolism in ICR mice. 
A crude green tea extract and the tea components including EGCG, EGC and 
caffeine were administered to the ICR mice. One hour later, the mice were orally 
given 2gm/kg body weight of ethanol. The results show that the blood and hepatic 
levels ofethanol and acetaldehyde were lower while that ofacetate and acetone were 
higher in the mice given orally 500 mg/kg body weight of green tea extract than in 
the controls. After the administration of either 75mg/kg body weight or 225mgA:g 
body weight ofEGCG, the acetate and acetone concentrations in the blood and liver 
were higher than in the controls. The mice given caffeine at the same dose as the 
green tea extract showed almost the same effect as the group treated with green tea 
extract. Therefore, it is suggested that both EGCG and caffeine, the principal 
components ofgreen tea extract, had an effect on alcohol metabolism. 
Surprisingly, the present investigation showed that none of the alcohol 
metabolizing enzymes were affected by prolonged consumption of green tea extract. 
However, in the experiment of Chen et al (1996), treatment ofgreen tea extract (2%) 
for 21 days significantly increased liver microsomal MROD activity and CYPlA2 
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protein content. On the other hand, the decaffeinated green tea lost the capacity to 
induce C Y P l A 2 protein and MROD activity. These results strongly suggested that 
caffeine is the component responsible for the CYP lA2 induction caused by tea 
consumption and that tea polyphenols do not play any significant role in the 
induction process. Caffeine 3-demethylation, the major pathway for caffeine 
metabolism, is catalyzed by CYP lA2 (Tassaneeyakul et al, 1994). Thus, the 
induction o f C Y P l A 2 by caffeine in rats is in agreement with the concept that many 
cytochrome P450 enzymes are induced by their own substrates. However, the 
reported induction of CYPlA2 by caffeine was not observed in this study. One 
I 
I 
j possible reason may be that the concentration of caffeine in the green tea extract used 
:i j 
I • 
in this study was not high enough to have the induction effect on CYPlA2. 
Nevertheless, i f it were true that CYPlA2 could be induced by crude green tea 
treatment, the increase in MEOS activity would also enhance ethanol metabolism. 
As CYP lA2 also plays an important role in xenobiotic metabolism, the subsequent 
health effects ofdrinking by crude green tea extract also worth additional studies. 
Although green tea consumption did not affect the activities ofvarious alcohol 
metabolizing enzymes, its components might act as effector o f the various enzymes. 
At 500^ig/ml GTP, all the alcohol metabolizing enzymes studied were inhibited. 
Interestingly, with a lower GTP concentration, the MROD activity was activated 
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significantly (2.5 fold). 
Limited information is available on the absorption o f tea catechins and on their 
metabolism. In the finding of Zhang et al (1997)，the maximum concentration of 
GTP in plasma could reach 9-10^ig/ml after an oral administration o f 100mg o fGTP 
in rats. The study by Matsumoto et al (1991) showed that about 20% could be 
absorbed when rats were orally given 50mg of EGCG. The mechanism by which 
these catechins are poorly absorbed remains unknown, but partial degradation of 
GTP in neutral or alkaline intestine could be one possible explanation (Guo et al, 
1996). 
The inhibition effect by 500|ig/ml GTP may not have any significance. 
However, at 5^ig/ml GTP, MROD activity was significantly increased. I f the 
hepatic concentration of GTP could activate the MROD activity, then the rate of 
1 
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j discomfort from excessive alcohol ingestion by drinking tea has already been 
ii, 
l\ 
5 recorded by Eisai-Zenshi in the Kamakura era in Japan (Kakuda et al,, 1996) and the 
in vitro effect of GTP may play a certain role in that improvement. 
The four constituents of GTP namely, EC, ECG, EGC and EGCG, were used to 
i study their effect on MROD at different concentrations. Biphasic effect was 
observed. It was found that ECG and EGCG were the most potent activator at the 
131 
concentration o f O.OlmM, followed by EGC and EC. The varying effect o f 
individual epicatechins on the MROD activity was probably related to the number 
and position o f their hydroxyl groups. EGCG and ECG have a similar backbone 
except for an additional hydroxyl group at the position 5' in the former (Fig. 4.1). 
A n additional gallate group in EGCG and ECG increases the total number ofphenol 
hydroxyl groups and it makes EGCG and ECG more hydrophilic and therefore have 
more chelating power to catalytic cations. 
Apart from MROD activity, the EROD, PROD and BROD activities were also 
examined. As expected, GTP affects the activities o f these microsomal enzymes 
wi th the same biphasic pattem observed in MROD except that the optimal 
concentration for activation is different. Similar study has been performed by Wang 
et al. (1988). The addition of GTP to the incubation mixture resulted in a dose-
dependent inhibition effect o f EROD activity. The ID50 o f GTP was 70^g/ml. 
Activation of the MROD activity was not observed in their study since the lowest 
concentration of GTP used was only 40^g/ml and the rats used in the study was 
pretreated with phenobarbital. In another study performed by Obermeier et al, 
(1995)，a biphasic effect was observed by the addition of four different polyphenols 
in the EROD assay. At a higher concentration, catechins showed an inhibitory 
effect toward EROD and the IC50 for the different polyphenols ranged from 75 to 
1 3 2 
400^iM. ECG was found to be the most potent inhibitor. A t lower concentrations 
(50-91^iM), a moderate (16-45%) but statistically significant activation of EROD 
was seen in the rat liver microsomes. 
For the cytochrome P450 system, GTP could affect the activity o f the P450s by 
interacting with P450 enzyme itself or affecting the binding affinity to NADPH-
cytochrome P450 reductase. Therefore, the effect of GTP on the reductase was 
investigated. 
It is suggested that EGCG may act as a reversible competitive enzyme inhibitor 
from the kinetic study of the reductase (Hasaniya et al., 1997). I f the presence of 
reductase is essential to the activities of P450s, the inhibition of reductase by GTP 
should inhibit the P450s activities. Inhibition of NADPH-cytochrome P450 
reductase would serve as an upstream, indirect mechanism for attenuating the 
activity of cytochrome P450s obtained. 
However, this hypothesis did not appear to be true from the data in this study. 
Since the inhibitory effect of 50^g/ml GTP was almost 100% in the activity of the 
reductase, the activities of AROD should have a large reduction i f it is indirectly 
inhibited. The results in this study indicated that although the activation effect of 
GTP was decreased in EROD and BROD at the concentration of 50|ag/ml, some 
significant activities of these enzymes remained. Moreover, 50^ig/ml GTP was the 
1 3 3 
optimal concentration for the activation of PROD. In fact, such inhibitory effect on 
the activity ofNADPH-cytochrome P450 reductase may not be the major reason for 
the biphasic effect o f GTP on the various AROD activities. To ascertain whether 
the GTP would affect the P450 isozyme itself, the kinetics o f M R O D was evaluated 
in the presence o f various catechins. 
Different catechins affect the kinetics of MROD in different ways. The K m of 
MROD was increased by catechins in a dose-dependent manner but the effect on the 
Vmax value was different with different concentrations of catechins. Comparing 
the Vmax/Km value, ECG and EGCG were the most potent stimulators and 
inhibitors of MROD at concentrations of O.OlmM and 0.5mM respectively. In the 
previous report from Obermeier et al. (1995)，it is suggested that there appears to be 
two binding sites for the green tea polyphenols associated with the P4501A enzyme 
system: a high affinity site, the occupancy o fwh ich results in the stimulation of the 
enzyme; and a low-affinity site, the occupancy of which results in the inhibition of 
the enzyme. The effect of the green tea catechins was complex. With these 
compounds in the MROD assay, the activity of the MROD was the results from a 
combination of activation and inhibition. I f the structure is related to the 
interaction of these affinity sites, the addition of the hydroxy group in ECG and 
] ] 
i EGCG may be responsible for the difference in potency between EGC and EC. 
3 :i : 
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Syrian golden hamster displays a high ethanol intake and preference. Neither 
selective breeding, special training nor the addition of dietary sweeteners are 
required to induce the animal to drink ethanol. Despite the prodigious intake of 
ethanol solution, hamsters do not show any sign ofdeveloping tolerance, dependence 
or withdrawal. They appear relatively resistant to the deleterious effects ofchronic 
ethanol consumption. It has also been reported that female hamsters have a lower 
preference for alcohol than male hamsters. A l l these observations make hamster an 
interesting animal to study alcohol metabolism. 
i 
I In the present investigation, gender difference in enzyme was found in liver 
i 
I i 
I A L D H and microsomal CYPlA2, where the activities in the female hamsters were 
1 
:i 
！ . . 
significantly lower. Using a free-choice situation between 15% ethanol and water, 
4 
it was found that female hamster had a lower preference to ethanol at the beginning 
of the experiment and the preference increased with days and after a few days, it 
showed no significantly difference from the males. The gender difference in 
alcohol preference may be attributed to the difference in the activity of liver ALDH. 
i i 
i Acetaldehyde is the main agent responsible for the unpleasant feeling after alcohol 
I 




j in female may lead to the lower preference to ethanol observed. Moreover, a 
^ 
j comparatively high total fluid intake was found in female hamsters. Such 
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difference may be explained by the lower activity of lung ACE in female hamsters 
since ACE play an important role in regulating the drinking behavior in animals. 
Prolonged ethanol consumption did not cause any obvious damage to the liver, 
as shown by the relatively low levels of serum AST and ALT. However, an 
increase in liver weight was observed in female but not in the male hamsters. Such 
increase in liver weight was not related to the changes in hepatic lipoprotein since the 
triglyceride level was not increased by ethanol. The hepatomegaly observed in 
females may be due to the lower liver A L D H activity and the increase in CYP2E1 
level by ethanol, which caused the accumulation of acetaldehyde adducts. In 
addition, alcohol consumption also affected various xenobiotic metabolizing 
enzymes. The activities o fMROD, EROD, PROD, BROD and GST were found to 
be lower in the ethanol-treated hamsters. The xenobiotic metabolism is complex. 
The effect ofethanol on these enzymes could not be considered to be a toxic effect in 
hamsters. 
Hamster is a good model for the study of the agent for suppressing ethanol 
because it exhibits a excellent predictive validity: agents that have been shown to 
attenuate ethanol consumption in alcohol-dependent humans also suppress ethanol 
intake in hamsters. Green tea, a popular drink in both Eastern and Westem societies, 
has long been known to be capable of reducing the discomfort from excessive 
1 3 7 
alcohol ingestion. Therefore, the crude green tea extract and various green tea 
polyphenols like EC, EGC, EGCG and ECG were investigated to f ind their effect on 
alcohol metabolizing enzymes in hamsters. 
The present findings demonstrated that prolonged green tea consumption did 
not affect the alcohol metabolizing enzymes in stomach and liver. However, direct 
addition of the GTP to the microsome in in vitro assay showed an inhibitory effect 
toward CYP2E1 activity at 500^g/ml GTP. In contrast, a biphasic effect was 
observed on the activity of MROD. At low concentration (5^g/ml), the 
polyphenols showed an activation of 〜2 to 3 fold on MROD, however, at higher 
concentration (500^ig/ml), inhibition was observed. The effect of the low 
concentration of GTP would be considered to be important because the absorption of 
GTP was poor physiological. Therefore, the activation of MROD activity at low 
( 
I concentration of GTP may increased the MEOS system and this may explain the 
i 
improvement of the discomfort from excessive alcohol intake by green tea 
consumption. 
Apart from MROD activity, the biphasic effect was also observed on the activity 
of EROD, BROD and PROD after the addition of GTP. Fifty ^g/ml GTP also 
1 showed an inhibition effect on the activity of NADPH-cytochrome P450 reductase. 
, 1 
However, the inhibition ofthe BROD, PROD and EROD activities was probably not 
1 3 8 
related to the inhibition effect observed in the reductase. The biphasic effect in 
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